CHAPTER 6

POPULATION DYNAMICS

Introducticon

fa
—

In view of the large stocks of mussele in billabongs of the Magela
Creek (Chapter S) and the very large fraction of the total benthic
biomags that these comprige (unpublished determinationg), study of the

population dynamics of Velezsunic angazi was deemed important from the

point of view of providing basgic information needed to assess the
influence of 1itg populaticng in the energy hbudgete (via production
estimates) of billabongs on the Magela Creek, Growth data, while
esgential for determining other population parameters (e.g, age
structure, mnortality) were also needed for proper understanding and
determination of atructure of the hreeding populations. Finally,
VArious population parameters {growth rateg, recruitmernt
relationships, mortality rates and age structure) could conceivably
provide valuable baseline data upon which to monitor the effects of
environmental changes such as potential pollutants, These are further

indicator roles in which V. angasi might be employed.

Aspects of the population dynamicg of V. arngasi undertaken, included
age and growth, gize and age ztructure, recruitment, mortality, and
movements, Literature reviewg appropriate to these studies appear in
Appendix 3. While congiderable attention hag been devoted to the
dynamice of freshwater mussel populations in North America and Europe

(see Appendix 3), very few comprehensive studies have been carried out

on populations of either Rustralian or tropical freshwater muszel
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zpeciez, Walker (19&1b) studied aszpectz of the ecology of freshwater
mugsele in the Murray River in temperate ARustralia, and Kenmuir (1980)
and Dudgeon and Morton (1933) studied tropical species in Zimbabwe and
Hong Kong respectively., On both counts therefore, the present study
from tropical northern Rustralia greatly adds to an area lacking 1in

knowledge,

6.2 Materiales and methods

Quantitative field sampling and later subsampling of mussels in the
laboratory for use in determining population parameters have been
degcribed earlier (gections 3.3 and S£.2). The method of age

determination 18 described below (section 6.3.2).

The growth of individually marked mussels was monitored at regular
intervals in Georgetouwn, Corndorl, Mudginberri, Island, Leichhardt and
Nankeen billabongs, Marks and numbers for later recognition were
engraved on the dorsal portion of the left chell, as described in
section 3.3. Plastic containers filled with the surrounding billabong
sediments were used to hold the mussels, PBetween 5 and & containers
were uged in each billabong and the dengity of mussels placed in each
container was approximately the same as that prevailing on the
surrounding substrates., The containers were filled flush to the rim
with sedimentsz and embedded well into the bottom substrates of the
billabong, Thus, water circulation around the musgsels placed on the
surfare of the container’'s gediments was unimpeded and the level at
which eiphoning occurred was almost the same as those mussels

siphoning on the nearby sediments, Fine fishing mesh (2 cm stretched
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knot-te-knot) covered the muzszels to prevent them moving out of the
containers, Containere were placed 1in waters at depths closely
apprroximating those 'prefecrred” by museels for the particular
billabong (section 5.4.1.1) and were always close to a station that

was, or had been uzed i1n routine cellecting (section 3.1).

In this way, the growth of at least 60 marked mugsels in each
billabong was monitored at approwimately 3 to 4 month intervals over
the course of at least an 1& month period. The regular measurements
of growth in length, were performed in the field and individual
mussels were rnever out of the containers nor water for more than 15

A

minutez. Dead mussels were replaced during these occasiong,

Mo inhibition of growth by the handling involved in marking wag ever
apparent, This wag indicated by the fact that newly marked mussels
added to the contairnerz from time to time to replace dead mussels,
grew at comparable rates at the subsequent inspection and measurement,

to musselg of similar sgize which had been resident in the containers

for some time,

In addition to growth rate measurements of muscels made at regular
intervals, other measured and marked nussels were scattered free into
the surrounding cediments about the containers, remaining undisturbed

for later recovery toward the end of the study (April-May, 1982).

A major mark-recapture programme wags undertaken in Buffalo billabong
to observe the migratory patterns of mussels in deep billabongs over

the course of a year. Approximately 8,000 musscels were collected,
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marked and individually allocated tc, and released over, predetermined
gridded portions of the hillabong during May 1980. The billabong was
gridded by way of 22.5 % 2Z.5 m quadrats (Fig. ¢.39) marked by buoys.
Bankside markers ensured that the pattern wag exactly repeatable
twelve monthe later when the buoys were reset, and mussels

recollected,

The =ex of individual muesels wae determined according to methods

described in section 7.3.

6.3 Rge determination

Background

Study of some of the population parameters of Velesunio angagi such as

growth, age structure and mortality, largely depended upon finding a
suitable and accurate method of age determination, Three standard
methods have been used to determine the growth rate and age of bivalve
mollusgce (Haskin, 1954): (1) study of length frequency distributiong;
(2) release and recovery experiments: and (3) use and interpretation

of anmual growth ringe,

For freshwater mussele (as 1in marine bivalves), analyseis of annual
cessation rings on the shells is regarded as rapid and efficient, and
18 by far the most common aging method in population studies,
Haukioja and Hakala (1978a) have extensively reviewed the techniques
and methodology as they apply to freshwater muscels. In most bivalve

populations, the differences in successive modes in gize frequency
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distributions are of limited uvze 1n aging, as generally there are only
one or two peaks - adults, or yvourg of the year and adults, Release
and recovery studies are also infrequently employed, as an extended
period of time is required to produce reliable results and growth
between individuals of the same habitat may be highly wvariable.
Nevertheless, in populations of frechwater mussele from the tropics
where growth interruption lines have been difficult to interpret,
length frequency analysis has been usged to age sceasonal breeding
species (Dudgeon and Morton, 1983}, and release and recovery
experiments uged to determine age and growth rates of continuous

breeders (Kenmuir, 1980).

The use of shell rings produced by a cessation of growth, for age
determination, is dependent upon confirming their annual or periodic
nature, Chamberlain ({1931) and Stansbery (1961) and recently McCuaig
and Green (1983}, reviewed the developmental studies that first
described the microstructure of the congpicuous interruption bands
which led to ascertaining their annual nature in the ghells of
freshwater muscele from temperate climates, In short, Coker et al.
(1921) showed that doubling-up of outer shell layers was formed by
repeated startings and stoppingse of growth in late autumn arnd early
spring, giving the appearance of a dark, broad and compound band on
the shell. Other disturbance rings were the result of only single
duplications of schell while winter rings showed several repetitions.
In both earlier and subsequent studieg, moreover, a seaconal growth
pattern of mussels waz cghown by Lefevre and Curtie (1910), Isely
{1914 and Sebestyen (1942), with growth ceasing over the winter

period: and a cne-to-one correspondence between guccessive winters and
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added shell anmuli during mark-recovery experiments shown by Lefevre
and Curtig (1910), Coker et al. (1921), Isely (1931), and Sebestyen

(1942),

In temperate regiong, false annull are believed to result from: water
shrinkage and drought: rapid temperature fluctuations 1n summer;
summer reproduction: seichez: transport or stranding by floode:
pollution: or even tagging and handling (lsely, 1914: Coker et al.,
1921: Crowley, 1957: Stansbery, 1961: MNegus, 1966: Walker, 1981b;
McCualg and Green, 1983), While true winter annuli are noted to be
more heavily marked (Coker et =al., 1921, Negus, 1966), other criteria
have been drawn up for distinguishing these from other disturbance
rings (Chamberlain, 1931;: Stanshery, 1961: Tevesz and Carter, 1980hb),
Nevertheless, some workerz have been reticent to use shell annuli as
the basis of age determination, while others have expressed caution
and suggested that considerable experience might be needed to

distinguish true rings (Crowley, 1957: Okland, 1963), The chelle of

some gspeciles are 1nherently difficult to age as growth lines are

ill-defined or clogely packed: e.yg, Margaritifera margaritifera

(Roscoe and Redelingz, 1964), Elliptio complanata (Matteson, 1948§:

Ghent et al., 1978: Straver et al., 1981) and certain small creek

species (van der Schalie and van der Schalie, 1963)., Otherwige, the
nature of the envirorment may render some shelle more difficult to age
than elsewhere. Shells of mussels from lentic enviromments for
example, have notably regular gpaced and distinct armuli, and are free
of false rings as found in river—-dwelling muzsels: this has been
attributed to the lese marked fluctuations in geasonal temperature

changes in large hodies of water such az lakes (Brown et al., 193&:
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Stanshbery, 1961: Tevesz and Carter, 1980a). Finally, Comfort (1957)
noted that growth ringse provided reliable age estimates, where
estimates are confined to species and to localities, and where a fixed

and congistent pattern of rings can be confirmed.

6.3.1 Seasonal growth pattern

Having esgtablicshed that disgtinct ringe are present on the shells of

mussels, a prior assessment as to their annularity or shorter-term
pattern of congistency might be gained from monitoring the sequence of
shell growth throughout the courze of a year or more (Jones, 1983).
While growth of mussels in temperate climates slows down or ceases
during winter, droughts and the =11t carried by monsoonal floods were
suggested by Tevesr and Carter (1980a) as possible factors that might
cause growth interruption in musgels from warmer or tropical regions.
Late Dry season food depletiong were believed by Kermuir (1980) to
slow the growth rates of muzsels in Lake Kariba at this time, while

growth of Anodonta woodiana, in Plover Cove Reservoir was also

retarded in the late zummer Dry (Dudgeon and Morton, 1983). Dudgeon
and Morton did not suggest caugal factors in the growth decline of
mussels, but the period is associated with thermal and oxygen
stratification of the reservoir while temperatures are at their summer

high (¢, 23 C),.

Growth rates of Velesunic angasi were monitored regularly in a number

of billabongs on the Magela Creek (section €.2). Figure 6.1 shows the
pattern of sgeasonal growth of musgsels 1n representative billabongs,

exprezsed as percentage of the growth completed over an 18 month
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period, (Figures 6.5 and ©.o show the marginal increments of chell
growth from the lasgt anmulus to the chell edge, monitored monthly in

may be used to complement the

1

representative billabongs. Thes

patterns shown in Figure &.1).

The pattern of growth of mussels inhabiting the braided creek channel
above Mudginberri billabong (zection 2.1), was not studied., 1A clear
seasonal growth cycle, however, 18 preordained for these populations.
As they are obliged to aestivate over the Dry (Jun.-Nov.), growth can

only occur during the Wet and early Dry,

The seasonal growth patterns of mussels in Georgetown and Nankeen
billabongs are representative of thoge in the majority of billabongs
on the Magela Creek and are typical of all other backflow billabongs
and other floodplain hillaborgs that become turbid late in the Dry
(Coonjimba, Gulungul, Corndorl, Hidden, Ja Ja and Jabiluka). Growth
beging with the initial replacement of turbid waters by early Wet
geason flushing (Dec.-Jan.}), iz most rapid in the early Dry and
continues but steadily declines as waters become turkid again between
the mid to late Dry (Fig., &.1). kpparently growth is related to
availability of food which for V., angasi comprises unicellular algae
and detritus (section 8,3). R partial measure of available food is
chlorophyll content of the waterg as chown in Figuree 2.28 and 2,29,
Algal ©populations are cuppressed by increasingly turbid waters
{gection 2.,3.2.5), a tactor presumably responsible for growth

cesgation of mussels during the late Dry.

Growth ratee of musgels 1n Mudginberri and Island billabongs were



157
highest from the late Wet until the late Dry. During the Wet, growth
rateg of mussels were low., These billabongs are well, to reasonably
well, flushed in the Wet (section Z.3.1.3) and at thesze times algal
populatione are stifled. Figuresg 6.5 and 6.6 further exemplify the
pattern in Mudginberri billaboeng of minimal shell growth during the
Wet =eason., Growth in these billabongs, however, was also suppressed
late in the Dry (Fig., #.1} despite thig being a time of high algal
productivity in both waterbodies (Figg, 2,28 and 2.29). Algal bloomg
themselves may be the cause of detericration in water quality over the
late Dry. In addition to causing gtressful overnight oxygen
depletions, sudden crashes 1n algal populations that have been
obgerved in at least Island billabong at these times, reduce the
available food temporarily, and cauze even more deneral and severe
bottom water anoxia (Walker et al., 1983a), A close correspondence 1is
observed between shell growth and relative condition (i.e. body
weights) of muggelg in the late Dry. In the charnel hkillakongs
condition declines in the late Dry <(zection 8.7.1) when larval
production ig at ite peak (gection 7.10.1), Presumably the energy
channelled into reproductive effort at this time is at the expense of
both shell and somatic growth., Further, other stresses are observed
during the late Dry in charmel billabongs. Their generally non-turbid
nature may impart a stregsfully warm environment upon bottom dwelling
nussels with the onget of summer (Tabkle Z.6). (Low water temperatures
of course, are not factorg of importance to growth of museels in the
Region. Lowest water temperatures recorded in the Magela Creek (Table

2.6) are still some 10°C warmer than levele generally reported to

induce dormant hehaviour in temperate speciec.)



158
Mussele 1in Leichhardt billahong showed the zlowest growth rates from
the late Wet to mid Dry. Thie pericd coincides with a time of often
severe oxygen depletiong to which thie billabong 1is particularly
sugceptible (gection 2.3.2.2). These periods of hypoxia may suppress
nmetabolic processes including feeding i1n mussels., This phenomenon may
algo explain a similar but lesz marked pattern of growth retardation
of musselsg in Island during the early Dry, a billabong also notably
deficient in ozygen at thie time (cection 2.3.2.2). The Dry season of
1981 was a particularly severe one in terms of oxygen depletions in
Leichhardt (Fig. 2.Z1), and presumably the growth rates of mussels in
this billabong at this time are not always suppressed to the extent
shown in Figure 6.1 each and every year, Ag in the chammel
billabongs, growth of adult mussels at least, in Leichhardt billabong
was alsgo retarded during the late Dry (Fig., 6.1), despite high
obgserved chlorophyll values at these times (Fig. 2.29). The dynamics
of algal populations, high reproductive efforte and/or high
temperature in the relatively clean waters may explain the reduced
growth rates, A further result of strese ig the reported kille of a
proportion of mussels in Leichhardt billabong with the initial Wet

season flushes (gection 5.5),
6.3.2 Method of age determination
In the present study, growth interruption ringe on the chells were

used to age mussels, while length frequency distributions and release

and recovery experiments were uged in part ae checks againgt, and to

validate the aging method. Shells of Velesunio angas: show quite

distinct growth interruption rings that in most cases are spaced
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reqularly and congistently in mussels from the same location. An
anmual pattern to the rings was most likely given the seasonal nature
of the environment and especially after having ascertained clear
seasgonal growth patterng for museele in most billabongs. Aging by
shell ammuli was particularly appealing in view of the rapidity and
accuracy with which determinations could be made, especially in
congideration of the large numbers of musgzels needed to be aged from

the quantitative samples.

Strong transmitted light az uged by sgeveral workers (Chamberlain,
1931: Stanshery, 1961: Coon et al., 1977: Walker, 1981b) greatly
assisted the aging method. Placed immediately behind the ghell
(generally the left wvalve), the dark growth bands stood out in bold

relief against the lighter background of the surrounding, thinner

shell material.

The prominent bandsg on the =zhells of Y. angasgi were always obvious and
distinct along the posterco-lateral axiz, and in populaticne from some
shallow backflow billabongs (Gulungul and Corndorl), did not always
extend circumferentially tc the antericr pertion of the valve, Apart
from some older sghelle from Mudginberri and Buffalo billabonge, the
appearance of the dark growth hands waz highlighted by new and lighter
Wet ceason growth., From confirmatory schell measurements (section
6.3.3.2), these bands were shown fto be annular and were laid down

during the late Dry geason in accordance with the observed seasonal

growth patterns,

The usual difficulties ae found by most workers (Okland, 1963; Magnin
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and Stanczykowska, 1971: Coon et al., 1977: Haukioja and Hakala,
1978a) were experienced in digcerning the clogely packed annuli of
older individuals. Theze prechlems were particularly pertinent to the
old (> 20 years) and stunted mussels that are commonly found in still,
backwater regiong of Mudginkerri and Buffalo billabongs. A
needle-tipped pointer was an aid in these cases, 1in the often
painzstaking task of moving outwards along the postero-lateral axis,
and separating and counting the crowded ammuli., For difficult (old)
shells, three age determinationz were made, These determinations
never varied by more than three and rarely by two years amongst all of
the sghelle aged. A further difficulty in age determinations of older
chelle wasg found 1n individuale from stony sediments (e.g, station 5
in Mudginberri, esection 3.1), where the region about the umbo was
badly ercoded. However, in accordance with the method of Stansbery
(1961) who reported esimilar ©problems, by knowing the general
periodicity of the annuli in the particular environment, and by noting
the spacing represented by the remaining armmuli on the mussels in
question, the number of migsging anmuli could be estimated. Such
eroded shells were uncommon, hut 1n long-lived specieg such as

Margaritifera margacitifera erogion 1g such a problem in older

gpecimeng, that valves are aged hy counts of the annual layers in the
ligament (Hendelberqg, 1960: Bjork, 196z: Stober, 1972: Smith, 1976;

Bauer, 1982),

A feature of the shell appearance of juvenile (young-of-year) mugsels
from non-turbid billabongse (channel billabongs and Leichhardt) was the
general absence of a distinct, dark annulug formed at the end of their

first Dry season. While growth 1g continucus throughout the first
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year 1in mussels from these ernvironments, neverthelese, a colour change
in  the <chell was generally discernible between the =seasong.
Invariably, thicker and darker Dry seagon shell growth followed by
abrupt, thinner (presumably fagter) and lighter shell growth

accompanied the appearance of the shell between Dry and Wet seasons.

Lege prominent, falsge bands were characteristic of the shells of
mussels from floodplain billabongs, particularly Nankeen and Jabiluka.
The nature and distinguishing feature of false annuli in the shells of
various freshwater mussel speciez have been reviewed by Chamberlain
{1931), Stansbery (1961) and Tevesz and Carter (1980h), Major
properties of vagueness, incompleteness, and irregularity are ascribed
to false annuli., However, true annuli in ghellsg of individualg from
particular enviromments were also notably incomplete (see above) while
the falege anmuli obeerved on individuales from floodplain billabongs
were often of a regular nature lying between the more prominent true
annuli, Nevertheless, while false annuli were generally incomplete,
their distinguishable characteristic was their vagueness and thinness.
The often regular appearance of the falsge annuli and their occurrence
generally in ehelle from floodplain environments were strongly
indicative that the regular and anmual oxygen depletiong that occur
in these billabongs during the early Dry (gection 2.3.2.2) were the
cauge of the minor interruption to shell growth., A thin and false
ring was also a feature of the shells of juvenile (young-of-year)
mugsels from Mudginberri and Buffalo billakongs., The ring was aleo
traceable to the early Dry season (from back-calculated growth
measurementg), again suggestive of the gensitivity of juveniles to the

even less marked depletionz 1n oxygen (Fig. 2.20) that accompany the
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cegeation of flow through these billabongs in the early Dry season.

In practice, the anmual rings of mussel cghelle from most billabong
envircnments were not difficult to interpret. Difficulties arose in
two environmente only, Mudginberri and Buffalo, in which the exact
ages of some old mussels were not determinable, However, in view of
the small numbers of difficult shells and the careful approach taken
to aging these, it is unlikely that these errors alter in any way the
appearance of the age structure of the populations of the two
billakongs. Az expected from the marked seasonality of their
environment, the shells of mussels inhabiting the creek charnnel above
Mudginberri were by far the easiest to age. Mussel shellg from turbid
billabongs alse possessed pronounced and easily interpretable anmual
growth rings. Individuals from Island and Leichhardt billabongs are
fast-growing (gection €.4.2) and relatively short-lived (section
6.t.3), factors that ease the interpretation of growth bands

congiderably as noted by Haukicja and Hakala (1978a) in populationg of

Anodonta piscinalig, It wag riotable finally, that the growth bands of

shelle from Leichhardt were similarly laid down during the late Dry
season, so that the stresses that arise then are apparently of more
marked effect than early-mid Dry season oxygen depletiong that were
rresumed to have slowed growth of mussels here during the 1981 Dry

Season,

All chells of mugsels subzampled and used for subsequent reproductive

and condition studies (section 3.3 were aged,



Validation of the aging technique
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Graham (1929) listed five zeparate procedures for testing the validity
of age determinations, While these methods have been applied
extensively to sctudies of fish populationsg, they are nevertheless
applicable to any fisheries problem, Growth studies with freshwater
mussels are particularly well suited to such analysis., The methods
(modified for molluscs) are: the occurrence of discrete
length-frecquency distributions which correspond with the age
determinationg: the study of anmual, cyclical changes in chell
morphology: ohgervationg of the progress of dominant year-classes; the
recovery of marked individuals after a known interval; and the
observation of individuale confined in tanks or ponde. Jones (1983)
added that for marine bivalves, while counts of internal bands from
cectioned shells were far more accurate than conventional studies on
external chell growth patterns, annual shell periodicities either way
could ke substantiated by monitoring the seasonal growth patterns
throughout the course of a year or more, or by using stable or

radicactive isotopes to determine growth rates,

Rather than the above methods, Chamberlain (1931), Crowley (19%57) and
Walker (1981b) argued that the congigtency and regqularity of the
disturbance lines and the uniformity of the growth curves for
freghwater muggel populatione Justified the assumption of their
annularity. Walker (1931b) conceded, however, that further
substantiation was required. Other authors have effectively argued
that in temperate zoresz, (1) the regularity and clarity of the rings

on shells from lake envirorments: (Z2) their congpicuoug and inherent



nature in shells of particular species (e.g. Anodonta), or (3)
previoug substantiation of their anmularity in  either similar
environments or in the same speciez elcewhere, were valid grounds for

assuning annularity in the growth bandse of the shells in question,

In populations of V. angasay 1in the Magela Creek, regularly and
congistently spaced rings on the ghelle of individuale from the same
environment, and a uniformity of the derived growth curves hetween
populations (gection €.4.2) were obeerved, Moreover, a seagonal
growth pattern of mussels was found that corresponded to shell
patterne of alternating seagsonal growth and growth cessation.
Neverthelesg for unequivocal justification of the aging method, it was
possible to satisfy three of Graham’s (1928) five above criteria for

validationrcompletely, and cne partially.
6.3.3.1 Length-frequency distributions
Rided by knowledge of the time of impoundment and subsequent

colonigation by musseleg, Dudgeon and Morton (1983) found year classes

of Ancdonta woodiana in Plover Cove represented by fairly discrete

peaks 1in the monthly length frequency distributiong, Subgequent
analysis of the peaks enabled them to age mussels and estimate growth

properties of the mussel population., Walker (1981b) also found length

frequency distributions of Rlathyria jacksoni in the Murray River,
useful aids to interpreting the age structure of itsg populationsg at
various sites along the river, In the Crapina-Jijila marshes,
however, Tudorancea (1969) congidered length frequency analyeis an

inefficient aid in growth ztudies of mussels as distinct medes were
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anly present for the first two years of life, after which congsiderable

overlap of age classes occurred,

Although geasonal recruitment of V., angagi occure in bhillabongs of the
Magela Creek, similar ohservations to those of Tudorancea (1969) were
made showing that length frequency digtributions were of limited value
as progression in the modes of the firset two year classes only, could
be followed. For the two age classes nevertheless, age asg determined
by modal peaks corresponded 1in every case to age as determined by
shell anmuli, thueg partially substantiating the aging method. Figures
6.2-6.4 show the monthly length frequency distribution of mussels
collected from Georgetown, Mudginberri and Nankeen billabongs
respectively, ypopulations for which quantitative and norn-selective
sampling wag accomplished (gection 3.2.1). Two age classes can
generally be distinguizshed as discrete modes, particularly for
populatione from Georgetown billabong where growth during the first
year 1is not particularly rapid by comparison to populationsg from
Mudginberri and Nankeen. For young-of-year mugsels, growth rates from
all populations are clearly discernible, as the modes progress through
the season to the pogition previousely occupied by the next older age

group.

6.3.3.2 Shell morphology

By measuring the distance trom the shell margin to the last-formed
annuluz at regular intervals throughout the season it should be
possible to demonstrate the time of annulue formation (and importantly

that only one euch ring is formed each year), when an abrupt change
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occurs at a critical time from relatively wide marginal bands to
extremely narrow widths, Thiz method hag been used to substantiate
age determinaticns of some marine bivalves (Okera, 1976¢: Taylor and
Venn, 1978) while Negug (1966) uged a variation of the technicue for
validzting her age determinations of freshwater mussels in the Thames.
By recording the monthg when winter rings first became vigible, Negus

was able to demonstrate their time of formation and annular nature,

Monthly measuremente of marginal shell incremente were made on shelle
from Georgetown, Mudginberri and Nankeen billabongs for the two year
period of the study. Mean values are plotted according to appropriate
age divisionz, againzst time of year in Figures 6.5 and 6.¢. Marginal
increments were standardiged for age by multiplying mean valueg by the
mean age of mussels uged in the particular age division, In old
mussels (» 10 yeare), a faint trangparent edge was found along the
shell marging of mozt individuals during the early Wet, and was
interpreted as new ghell growth beyond a newly formed annulus,
Figures 6.5 and 6.6 clearly show that the marginal bands in shells
from all billabongs and age clasges reach a maximum in the late Dry
(December) but decrease suddenly during January following formation
of the new ring. The pattern of ring formation was identical in both
years of sampling and between all billabongz, and occurred during the
Dry-Wet interchange, thus demonstrating ite gimilar timing and
gstabligshing ite annual nature in backflow, channel and fleoodplain

environments,
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€.3.3.3 Dominant year classgeg

Haukicja and Hakala (1978a) sghowed that growth rings in one Finnigh

population of Ancdonta piscinaliz were formed anmually, as a dominant

vear c¢lagss in  the population moved 1ts pogition in the age

distribution one gtep to the right each year.

Dominant year classes were pregent in many of the mussel populationg
from billabongs of the Magela Creek, They were especially conspicuous
in all of the floodplain billabonge., Figureg 6.7 and €.8 ghow the age

distributionz of mussels between years sampled, from populations in a

m

[s1]

number of billabkongs, Clearly, each strong year clasg appears as
successively older age clazg in progressive sampling years lending
very strong evidence to the assumption that the ghell rings are in

fact annular,
£.3.3.4 Growth of marked individuale

A number of workers have zuccessfully verified the annular nature of
ghell annuli of temperate freshwater mussels, from mark and recovery
experiments., Mussels are released in the field and upon recovery, the
number of rings that have appeared over the elapsed period has been
shoun to correspond to the number of winters that have passed (Lefevre
and Curtie, 1910; Coker et al., 1921: AltnOder, 1926; Isely, 1931:
Sebestyen, 1942: Negus, 1966; Ghent et al., 1978: Haukioja and Hakala,

1978a) .

Marked mugsels in Georgetown, Mudginberri and Nankeen billabongs that
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were released arcund the confined individuals in plastic containers
(section 6.2) were recovered after a period encompassing two Wet
seasons., Details of the times of release and recovery, lengths at
release, recovery and at successive anruli upon recovery, and
estimated ages at recovery are gshown in Table 6,1, On all chells, a
faint but discernible falge check due to handling was observed at the
length corresponding to the time of release. As expected, for older
mussels, no more ghell growth was observed between the short period
from the time of release until the end of the first Dry season,
Nevertheless, on all shelle, the added area of growth was divided by
two distinct rings representing the periods of growth cessation during
the late Dry seasons of 1980 and 1981. While no mussels older than 20
years were recovered, 1t 1g conceivable that some difficulties may
have been faced in discerning added annuli on their sghells, as growth

of these individuals, particularly in Mudginkerri billabong, i=

exceedingly =slow (gection &.4.2),

Kenmuir (1980) aged mussels in Lake Kariba according to mark recovery
data. With age determined by zhell annuli for one sgpecies, the
resulting closeness of the two cete of calculated results suggested to
him that the growth cegsation lineg were in fact true annuli. A
comparison of the growth data derived from both mark recovery and
ghell annuli measurements were also uced as an independent check on

the accuracy of the latter aging method for Velesunic angasi.

Data from marked mussels placed 1n containers were used in the
analyses, Growth data for only a few individuale sparnned the entire

study period., Much data, however, wag availakle that covered hboth



169
shorter time gpans (< 185 monthz) and different seagons, Gulland
(1969) degcribed a method of fitting a growth curve to mark recovery
data obtained at unegual fime intervalsz, whereby the ingtantaneous
rate of growth, approximated by ( %?E%i‘) ig¢ plotted against the mean
length (L;légz J, where 1y and 1; are the lengths at times ty and t,
regpectively, Analysie of the regulting fitted regression line
provides estimates of the constants L and K of the von Bertalanffy
growth equation, used to descrihe the length for age relationship in
populatione of ¥, angacgi, and considered in more detail in =ection
b.4. Thus, the intercept on the X-axisz provides an estimate of L_, and
the slope an estimate of -K. Instantaneocuz growth rate 1= plotted
against mean length in Figure 6.9 for mussels in  Georgetown,
Mudginberri and Narkeern billabongz. 1If growth across the entire size
range of mussele were to conform to the von Bertalanffy growth model,
the resulting plots would bhe linear, Clearly this is not the case,
and the youngest age clasz doez not conform, Thig ig examined in
greater detail in section t.4. The relevant point here is that growth
data for young-of-year muscele were rejected whenever the von
Bertalanffy model was fitted, Using regression lines fitted to growth
data of adults, resulting esgtimates of L, and K for a number of
billabong populationg were derived and comparsed with estimates

calculated from =shell annul: data from zection £.4.2 (Table 6.2).

The resulte indicate the limitations when deriving growth rate data
from mark recovery experiments that run over a relatively short period
of time. Most of the growth data was obtained during 1981, a year in
which chlorophyll valuegs fand hence, presumably food availability)

were low 1in comparizon with data from previous years (Walker and
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Tyler, 1983b), especially in the floodplain billabongs (Fig. 2.29).
Thus it 1s observed from Table &.2, that L values are lower and K
values higher (the two parameters heing interrelated, Ricker, 1975) in
mark recovery data derived from mogt of the floodplain billabongs.
Nevertheless, estimates of the constants compare reasonably well
between the two methods wused *to estimate growth rate data,
Importantly, differences 1in estimates of the constants (or growth
rateg) between different billabong populations are constant between
both  methods. The generally close similarity between the growth
parameters derived from both methods 1g further evidence that shell

annuli in Velesunic angasi from billabongs of the Magela Creek, can be

used for accurate age determinationg,

6.4 Growth

6.4.1 Growth description

Asymptotic growth equations have been widely used to describe growth
in animals, as they fit the empirical data adequately enough, and
becauge their constants have been interpreted as having at least some
biclogical meaning. Using the growth of frechwater muzsels as an
illugtration, Haukioja and Hakala (1979) made a thorough appraisal of
asymptotic growth equations. They concluded that none of the
parameters of the equationg had any significant biological validity,
when comparisonse of parameters derived from different populations were
made . The bect known and most commonly uged growth equation in
fisheries assessments, 1s the wvon Bertalanffy equation (von

Bertalanffy, 1957). It has come under criticism over the reality of
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asymptotic growth (Knight, 1968) and with specific reference to marine
bivalves, has been zhown fo provide an inadequate description of the
growth of the early =stages (Theiszen, 1973: Yamaguchi, 1975).
Neverthelegs, when applied to apprcpriate data, the von Bertalanffy
equation 18 generally conegidered a good approximation of observed
growth curves, In relation to growth of marine bivalves for example,
Brousseau (1979) found the equation a valuable model when comparisons
of growth patterne in single-species populations were made, providing
large numbers of animalz were used and the entire gize range of

animals was congidered, egpecially the older age classes,

ARlthough widely applied to growth of marine bivalvez, it ig only in
recent times that the von Bertalantfy equation has been used to
describe growth of freshwater mussel populations (Kenmuir, 1980,
Walker, 1981b: Dudgeon and Morton, 1983: McCuaig and Green, 1983).
Coon et al. (1977) uszed general power functions to describe growth of
freshwater mugegels in pools of the Missiseippi River. For some North

American populations of Enodonta grandis growth does not tend to a

maximun length and therefore growth according to the von Bertalanffy
equation is irvalid (Green, 1980}, For these populations, Green
(1980) developed a growth model that did not assume an asymptotic

size,

As applied to linear growth, the von Bertalanffy growth equation is:

L= L, (1 - e Ky

where lt length at any given time t,

1]

the thecretical average maximum length,

<«
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K = the growth constant indicating the rate at which
length approaches L,

the calculated time at which length is equal to

t
=]
t

ZEY0,

Conventionally, the guitabkility of the von Bertalanffy growth model
for growth rate data has been tested usging Walford plots of lengths at
congsecutive ages, With asymptotic growth and a constant decreasge of
growth rate with age, the mean age values sghould give a linear
relationship on a Walford-graph where the slope of the line is equal
to e—K, and the intersection of the line and the 45 diagonal from the
origin, 1s at the asymptotic value of length, L (Walford, 1946).
Variatione of the Walford plot may be used to test the suitability of
other growth models for growth rate data. Kaufmann (1981) presented
techniques 1invelving such variationz of the Walford plot, for
determining which of sgeveral growth curves - exponential, power,
Gompertz, logigtic, as well as the von Bertalanffy - could best fit
growth data. Other than the von Bertalanffy model, the appropriateness
of a particular growth curve is indicated by the linearity of the
relationship between gpecific growth rate and size, after the axes

have been suitably transformed.

Using Kaufmann’'s (1981) methods with growth rate data of V, angasi,
untransformed plots of specific growth rate and size consistently gave
the best linear fit of data from among all the Magela Creek
populations, This indicated that the von Bertalanffy model was the
most suitable of the models tested. Walford plote are shown in Figure

£.10 for mean length for age data from representative mussel
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populations in Georgetown, Mudginberr:i and Narkeen billabongs. From
Figure 6,10, and exemplifying the results of the Kaufmann technique
just described, it i1s clear that for most billabongs and age classes,
linear relationshipe of lengthe at consecutive ages are fourd,
indicating that the von Bertalanffy model sufficed for the growth

data.

As observed from the plotz (Fig. 6.10), however, and from others drawn
for populations in cther waterbodiezs (not shown), growth of
young-of-year mugsele does not conform to the growth equation, Because
of this unconformity, the Walford plots of growth data of V. angasi
resembled to some extent those of the arctic population of A, grandis
studied by Green (1980): Green found that a quadratic model more
adequately described the relationshipe in the Walford plots. With the
assumption of nonlinearity, he derived a model for the population that
did not assume an asymptotic size, For all populations of V, angasi,
however, inclusion of a quadratic term in the Walford plot
relationshipe added no extra significance over the linear model. This
indicated asymptotic growth of the pcopulations (and therszfore growth

according to the von Bertalanffy model).

Thus, the cause of nonlinearity in the Walford plote was the incluszion
of growth data of voung-of-year mussels only. As recommended by Ricker
(1975), therefore, this age class was rejected whenever the von
Bertalanffy curve was fitted to the growth data., The value for K (the
slope of the Walford line) of the Georgetown mussel population changes
with age with two growth stanzas either gide of a length of about S5

mm, This ig a common encugh phenomenon in fish populations (Ricker,
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1975), and alsc in some marine hivalve populations where Johannsen

(1973) for example, represented growth of Venerupig pullastra with two

von Bertalanffy equations about a critical size., Different growth
stanzag were sgufficiently uncommon (gee Corndorl, Fig, 6,11 and
gection 6.4.3.2) in populations from other billabongs to warrant that
only one equation be used to describe growth of each billabong
population. Although this probably led to some loss of precision in
the values of the growth constants, a single equation wasg neverthelegs
a more useful aid for comparisongs hetween the growth of populations in

all waterbodies.

Computationg of the von Bertalanffy growth parameters were performed
using the interative method developed by Allen (1966), Whilst this
method is regarded ag amongst the most precise (Ricker, 1975),
additional advantages are: the allowance for data collected at any
age interval: the parameters of the equation may be calculated using
individual observations (thus making use of all the available data):
and estimates of the limits of error (confidence limits) of the
parameters are provided. Individual lengths and ages of mussels at
the time of collection were uged in the computations. To set specific
ageg, it was necessary to have suitable arbitrary reference points of
the timesg of larval metamorphogig and annulus formation, Annulug
formation is seen with early Wet =eason flushing of the creek (section
6.3.3.2), and 1 January served ag a suitable and convenient reference
date for this. The times of juvenile settlement were extrapolated
from mean lengths for age data of juveniles collected about the time
of recruitment as depicted in Figures 6.2-6.4 and elsewhere (not

ghown). These dateg are: Georgetown - 7 March; Mudginberri, Buffalo,
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Igland - 10 January; Nankeen - 11 March, For other waterbodies these
data are not available, but for the general knowledge that recruitment
occurred during the Wet, A mid-Wet season date of 1 February

therefore wags arbitrarily set for the time of recruitment in these

places,

6.4.2 Growth within and between waterbodies

Within billabongs

Growth data were available Lhetween sampling stationg in Georgetown,
Mudginberri and Buffalo billabongs, and between different depths in
the floodplain billabongs, Leichhardt and Nankeen. Sampling stations
within the billabongs are the ones used for routine monthly
collections, as described in section 3.1, Tables &.3-6,7 show the
parametere of the von Bertalanffy growth equation and their 95 per
cent confidence intervals (calculated by Allen’s (1966) method) for
mussels within different localities of the billabongs. The equations
were calculated at each site, for each sex separately, and overlap in
the confidence intervals for a particular parameter, indicated that no
gsignificant differences were observed between the sexesg. In practice,
sexual differences were rarely found and the parameters calculated for
the sgexes combined only are shown. In Georgetown billabong, however,
marked sexual differences in growth patterns were observed within
giteg, and Table 6.3 chows the parameters calculated separately and
combined for the sexes. Clearly from Tables 6.3-6.7, growth rates may
differ considerably between mussels at different cgites of the same

billabong (and occasionally hetween the sexes at the same site), and
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apparent trends and their =significance are discussed in section

6.4.3.1.

Between waterbodiesg

The variation in growth between waterbodies wasg more marked than
within billabongs. For hetween-waterbody comparisong therefore,
growth data were combined for each waterbody., Tables 6.8-6.19 show
the means, standard deviations, 95% rconfidence intervals and ranges of
lengthe for each age clagg of muscel in the different waterbodies,
calculated geparately and combined for the sexes. From these data the
enormoug variation in size range within a particular age clase ie most
apparent, and schows that mussel size from small samples may bear
little resemblance to age., Further, this factor ig offset only to a
minor degree when within-billabong variation is considered. (Data not
cshown.) wvon Bertalanffy growth parametere were calculated separately
and combined for the sexes from these data (Table 6.20). Again, from
the confidence limite of both data sets, growth differences between
the sexes are trivial, and all further comparisons were based upon the
growth parameters calculated for the sexes combined (Table 6.20). von
Bertalanffy growth curves calculated for the combined sexes, are chown
with meang and confidence limitg of size at each age interval, for the
different waterbodies in Figures 6.11 and 6.1Z. Marked differences
are noted in the growth rates of muscels between different

waterbodies, Apparent trends and causes of the disgparities are

discussed in section 6.4.3.2.



6.4.3 Environmental determinants of growth

Of the three parameters of the von Bertalanffy equation, L_ , K and
to, L, and K are interpreted as having intringic physiological
significance, by which growth within populaticons may be studied or
compared between populationg, Haukioja and Hakala (1979) concluded

that asymptotic growth parameterz in general, were unsuitable for

comparing growth between populations of Anodonta pigcinalig., However,
they found the von Bertalanffy equation leazt unguitable for producing
parameters for comparisons between populationg and did not rule out
the possibility that the parameters in general may be correlated with
some environmental factors or other parameters of growth, Haukioja
and Hakala recommernded length at a critical annulus for comparing
growth ratesg between populationg but stated that thig criterion would
not he wvalid if the groups compared had clearly different final
lengths, McCuaig and Green (1983), however, uged analysis of
covariance of linear Walford regression equations to test hypotheses
about perturbations that might bring about differences, With such
analysis, they found the parameters apparently gquite sensitive to
hypothetical perturbations, with subsequent changes to population

growth,

The constante, L and K, derived from growth equationg of mussel
populations in the Magela Creek, were fairly easily interpreted,
together clearly dictating the form of growth within and between the
populations in most waterbodies., With the aid of hypothetical growth
curves, they were of congiderable use for investigating some important

factors that might determine growth patternz of mussels, These
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factors are discussed helow,

Reiterating, as an aid to the following discugsion, the constant L is
the theoretical asymptotic size of a organism while K descrikes the
rate at which thig value ig approached. Both Ralph and Maxwell (1977)
and Prousseau (1979) considered the constant K of interest, because it
could be uged to make comparizong of the rate of growth of different
(bivalve) species or of the same speciez from different environments,
Use of the parameter in isclation in this manner, however, must be
viewed with caution for as Ricker (1975) states, K is a growth
coefficient, not a growth rate. A relatively large K value for
example, merely suggests that the asymptotic size 1is approached
relatively early in life, while a lower K value may yet describe a
population whose growth rate at all ages is higher. Thus growth rates
in between-population comparigong can only be studied with knowledge
of both K and L_ . Ricker (1975) states that for any given initial
size of an orgarism, a larger K means a smaller L and thus slower
growth from that time onward, Ricker s mathematical bacis and
argument for this statement (p.221) 18 apparently incorrect (V,
Bofinger and W. Taylor, pers. comm.) on the basig of assuming the
variable lt te be a fixed and constant value, Neverthelesg, the
statement is probably true for most populationg, including at least

marine bivalves (Theiszen, 1973).

With respect to the interpretation of and interrelationghips between
the growth congtants of the von Bertalanffy equations derived for
mugsel populationg within and between waterbodies of the Magela Creek,

three typee of comparative growth relations were found. The
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hypothetical typez are shown in Figure 6,13, In type R relations,
both populationg reach the same maximum gize (L ), but at a slower
rate for thosze on the bottom curve, characterised by a lower K. 1In
type B relations, a smaller K means a larger L, (and vice versa),
Over the whole lifespan nevertheless, lower K populationsg are faster
growing than populationg with succegeively higher K valueg. A smaller
K may also mean a larger L , but for type C relationg, higher K
populations may reflect faster growth rates relatively earlier in life
before being surpassed in growth rate by lower K growth for the

remainder of the lifespan,

Beverton and Holt (1957) noted that K could be regarded as independent
of the level of feeding but might he expected to vary with certain
environmental factors such as temperature. (These comments were
directed to temperate fish species,} These authors provided evidence
that the parameter W_ (asymptotic weight, W, « L, ?) wag affected by
variations in food consumpticn, Even if changes in K occurred for
varioug levels of food congumption, Beverton and Holt suggested that K
may be expressed in terme of W_ and from the theoretical point of view
then only W_ need be used in attempting to predict the growth rate in
given circumstances, In the Magela Creek populations, type B
relations were typical of between- and most within-billabong
comparisons of growth (see below)., Thus L_ , in a loose sense, in
type B comparisons is more indicative of growth rate throughout all
life-gstages (by nature of the shape of the curves) than the falese
impression that K values on their own would suggest. In any case, L
and K were mostly mnegatively correlated in type B relationg (section

6.4.3.2). ke only food availability was of interest as a guantitative
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determinant of growth rates, and as L may (1) on theoretical grounds
be dependent upon the feeding level, (2) be indicative of overall
growth rate and (3) neverthelesce ke correlated with K in type B
comparisong, the parameter L_ only was considered for study. A
further reason for the choicé of L as a measure of growth rates, is
that it was a more conservative parameter, not influenced to the same
degree as K, to weighting of the age classes and varying age

structures,

Regression analyses were performed where each parameter, L and K, was
regressed against itself where the parameter was derived from
computations using individual cbservations, asg opposed to unweighted
mean observations for each age class. The analyses showed highly
significant correlations in bkoth cases (P<0.001), but K calculated
with urweighted means accounted for only 77% of the variation in K
calculated from individual obeservationg, as opposed to a high 95% of
the variation in L_ derived from individual observationg that was
accounted for by L derived from unweighted means. Thus, differences
in sample sizes and age atructures hetween billabong populations that
were used to compute the growth equations, affect K more than L . The
constant K 1in relation to growth 1z apparently more complex in its
interpretation than L, Further discussion on ite gignificance is

made in the following sectiongs.
6.4,3.1 Within billabongs

The mugeels on the shallower and gcandier transgect of Georgetown

billabong represented the only population in the Magela Creek where
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sexual differencez 1in growth rates were observed (Transect B, Table
£.3). Over the entire size range, females grew at a sgignificantly
faster rate than males (i1.e., a type B relation, Fig. €.13). Mussels
in this region of the billakong regularly move onto the adjacent
flooded peripheral shores during the Wet (section 6.8.1). Growth on
the flooded shores during this time occurs at a faster rate than of
mussels in deeper waters (unpublished ohservations and data). Some
differential movement of females onto the yperipheral shores was
observed at these times (section 6.5.1), but whether these differences
are enough to explain why females might overall grow more quickly than
males, however, ig not certain, With growth data combined, growth
between mugsels on the two routine transects of Georgetown billabongs
is one of type A as illustrated in Figure 6.13. Both populationg
reach the same asymptotic size, but the population on the challow,
sandy transect does so at a faster rate than the population on the
deeper, muddy trancect. The preponderance of younger mussels on the
shallower transect (mean age of 4.20 years as opposed to 6,54 years on
the deeper trangect) may have considerable influence on the values of
the parameters of the growth equation here. Young mussels predominate
in the hillabong generally (Fig., 6.29) and the values of K and L
derived from individual obeervationg of the mussel population in the
billabong as a whole, are 0.290 and 62.8 mm respectively, a= opposed
to corresponding values of 0,164 and 67.4 mm when the parameters were
calculated from urnweighted data of mean lengthe for each size clagss,
In the former, calculatione were biased towards the younger age
classes, but the unweighted data favoured the older age classes. Thus
the type A relation between the two transects can be hest explained at

thig stage by the difference in age structures of the two populations.
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Tables 6.4 arnd 6.5 =szhow the von Bertalanffy growth parameters
calculated for data between the routine campling stations in
Mudginberri and Puffalo billabongs respectively. Growth within each
billabong varies congiderably. The growth relations when plotted were
of Type B (Fig. ©.13J, and only a few populations in Buffalo billabong
contradicted thig pattern, Thug asymptotic eize indicated growth
rates of populations within the hillabongs, and was used as the
dependent variable denoting growth quality of mussels in subsequent

correlations of envirommental determinants of growth,

As L_ may theoretically be expected to vary with food availability,
chlorophyll levels as a measure of thiz, were compiled for different
regiong of the two channel billabongs, For Buffalo billabong, crude
estimates of chlorophyll content of the waters were available only.
The waters of the 10 gites zampled in the billabong were analysed on
two occasiong during 1981 for chlorophyll., The levels and mean values
are chown in Table 6.22, Within-billabong variation of chlorophyll in
Mudginberri, was reported 1n Kessell and Tyler (1983). Chlorophyll
concentrationg were calculated fluorcmetracally on four occasions
during 1980 and 1981, over different regiong of the billabong. The
data in Kessell and Tyler (1983) for each sampling occasion, are
divided into 5 equal rangez of chlorophyll concentration, claszed from
lower to higher concentration ag 1-5, and mapped over the respective
billabhong regions. The concentrations on these occasions (in
arbitrary units) and mean values, over the routine sampling statione
for mussels are shown in Table #£.,21. From the limited data, there is

a trend in both billabongs for chlorophyll concentrations (and
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presumably primary productivity), to be higher at the southern end of
the billabongs, and over the more organic sediments (statione é and 7
in Buffalo, and 3 and 4 in Mudginberri Fig. 3.1). Chlorophyll
concentrationg were regressed againgt asymptotic gize of muscels
between the different sites of both billabongs. For Mudginberri
billabong, a very sgignificant (P<0.01) logarithmic correlation was
found (Fig, €.14), whilst for Buffale, a gignificant (P<0,05) linear
correlation was found between asymptotic size and chlorophyll
concentration (Fig., €.15). Both results provide good evidence that
food availability as measured by algal concentrations, 18 a chief
determinant of mussel growth rates within billabongz. Whilst mussel
growth rates are generally highest over the organic sediments, of
further interest 1s the observation that on some of these sediments
(station 3 in Mudginberri, and station 2 in Buffalo) mussels grow
faster than the surface chleorophyll values would suggest, This may be
an artifact of the s=mall sample numbers that comprise the mean
chlorophyll values, but may suggest that in addition to the nutrients
made available for algal production, breakdown and resugpengion of the
organic material in the zediments conceivably provides an additional,

and unmeasured detrital food supply for mugsels here,

Plots of the growth curvez for mussels from different depthz of
Leichhardt and Narnkeen hillabongs (Tables 6.6 and 6.7 respectively),
showed Type B relations for Leichhardt and Type C relations for
Nankeen billabong (Fig, &,13). Thue growth rates in Leichhardt
billabong decrease with depth, 2 similar pattern ig observed in
Nankeen for about the first 13 years of life, before overlap of the

curves (Fig, 6.13) reversges the growth rate order, and growth rates
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actually increase with depth. Declinez in food supply and temperature
with depth have elsewhere been used to explain decreases in mussel

growth rates with depth (see Apperndix 3).

Some limited chlorophyll data are available between the surface and
bottom waters of hoth billabongs as a check of differences in food
availability with depth that may correlate with growth rates. Over a
10 month period (Fig. 2.29), surface chlorophyll concentrations in
Leichhardt billabong averaged 15.5 as opposed to 13.3 ug/l in the
bottom waters, Over 9 months of readings in Nankeen billabong,
surface chlorophylls averaged 7.0 as opposed to 9.1 ug/l for bottom
water concentrations. Thuz, decreasing food availability might
explain the growth rate decline of mugeels with depth, in Leichhardt
billabong, and vice versa for the greater maximum lengths attained at
depth in Nankeen. In Leichhardt billabong, decreasing oxygen tensiong
with depth (nctakly severs in thig hillabong, section 2.3.2.2) very
likely reduce the time available for feeding, further adding to the
growth rate reduction of mussels with depth here, While decreasing
oxygen concentrationg with depth in Nankeen might gimilarly explain
the =lower growth rates of mussels at depth at least for the
relatively younger age classes, some other overriding factor reverses
this pattern later i1n life. Apart from perhaps increasing food
availability with depth that might support better growth in the later
years, shallow water stunting later in life might also explain the
pattern, Narkeen billabong 1s possibly the most exposed billabong on
the Magela Creek, and hecomes extremely turbid during the latter
period of the Dry season (gection 2.3.2.4)., Wave-induced resugpension

of the silty sediments no deukt, 12 guite severe in the shallow waters
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of the billabong at this time, The wave action and/or the high
amounts  of suspended solids that may interfere with feeding, may
reduce growth rates of mugsels in the shallow waters (section 6.1).
If this isg the casge, then the factor(g) are apparently selectively

irhibitive to the growth of the later year stages,

6.4.3.2 Between waterbodies

Growth curveg calculated for populatione of mussels from each
waterbody (Figs £.11 and &.12) when compared with one another are of
Type B relations (Fig. 6.13). Thus a= K increases, L_ becomes smaller
(and vice versa), and L is indicative of growth rate over all age
classes, A significant (P<0,05) negative, linear correlation was found
between the estimates of L_ and K calculated with data from each
waterbody (Fig. 6.16). (Not enough growth data were available for
Gulungul and Hidden hillabongs for the estimates of their growth
parameters to be considered reliable., The data from these billabongs

are hence omitted from Fig, &.16 and from further calculations and

discussions, )

From Figures 6.11, €,12 and &.16 some general statemente may be made.
A low K constant 1g indicative of a population whose growth is
continuous throughout the whole lifespan, whereas a high K indicates
maximum size 1g attained relatively earlier in life, The former
populations occur in billabongse where food availability ig high (sghown
later) for much of the year and which is capitalised upon by even the
older age groupe (Igland, JaJa, Leichhardt and Jabiluka), In other

waterbodies, the food supply may be low (Georgetown, Magela Creek
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channel, Buffaloi, or relatively more abundant (Narkeen), but
nevertheless ig available for only a short period of the year. Growth
in these waterbodies is apparently accomplished earlier in life and
the older age groups do naot grow much on a low food supply, nor

capitalise upon a more abundant but short-lived supply.

From Figure 6.16, Corndorl and Mudginberri populations (pointe 9 and
12 respectively) have apparently anomaloug K values, being lower than
might ke expected in relation to the values of the parameter in other
waterbodieg, The Mudginberri population shows a steady increase in
size over the whole life span (Fig. €.11). The fcod supply in this
billabong on average ig low, but is probably more evenly spread out
over the year (Fig, 2,28), Thig factor, in addition to the general
equitableness of the billabong waters by comparison to the other
waterbodies (e.g. low turbidity, high oxygen content), may be more
conducive to growth throughout the lifespan of individuals in the
population. In Corndorl, growth of the mussel population is in two
stanzas either szide of an age of 12 years (Fig. €.11). The older year

clasces appear to be growing at a different and faster rate than the

oy

younger ages. Thig might be attributed to either some major and
abrupt shift downwards in food abundance over the years, or selection
may favour faster growing individuals at some stage in life. The
latter suggestion ie conceivable in unstable and shallow, backflow
environments where, if the waterbody cccasionally dried up, only the
larger individuals of the early year classes may survive by virtue of
their higher tolerances to desiccation (unpublished data)., Thus, the
growth pattern of the Corndorl population ig an anomaly and the

presence of two growth phases resultz in a relatively low K constant
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when the growth equation is derived from the pooled population data.

As asymptotic size, L , may be regarded as dependent upcon the level
of feeding, a relationship was zought between L estimated for each
waterbody population and algal production asz measured by mean seasonal
chlorophyll concentrations (Table 2.7). Figure 6.17 schows the
relationship. Neither a Gompertz nor logistic curve adequately fitted
the data, and a line of best fit was drawn hy eye. The comparatively
low L_ estimated for the mussel population in Leichhardt billabong
(No. 24), is no doubt due to a preponderance of young museels in the
billabong and a corresponding lack of sgize classes of greater age
(Figs 6.12 and 6€.30)., Each has the effect of lowering the asymptotic
gize in a weighted calculation, Neverthelesg and clearly, growth
rates can be predicted quite accurately and zimply with knowledge of
mean chlorophyll concentrationg., With the regregssion equation of the
constant K in terms of L_ (Fig, 6.16), the growth dynamics of

individual mussel populaticns can be even better understood.

6.5 Population structure

6.5.1 Distributicn of the sexes 1n billabongs

Sex wasg determined for large numbers of mugsels between the routine
sampling stations (Georgetown, Mudginberri and Buffalo) and/or
different depth regiong of billabongs (Georgetown and the floodplain
billabongg). Chi-squared tests were performed to determine whether or
not the sexes were distributed evenly acrosg the different habitat

types sampled within each billebeorng. Data from floodplain billabongs
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were tested alone, and lumped together in a single test acrose all
billabongs. No trends in sex ratios within billabongs were evident,
and the chi-squared tests revealed rno significant deviations in any
case of the proportiong of the sexes between sites or different depths
of bkillabongs that would suggest that the sexes were unevenly

distributed.

An additional test was performed in Georgetown, for data of sex
distribution of mussels across the shallow, sandy transect that
incorporated schallow inundated bhanks during the Wet season., Adult
mussels make seascnal movements up onto, and back away from the
inundated shore {(=ection 6.8,1), 36 out of 69 adult mussels (52%)
collected from the irnundated shore were female as opposed to 429 out
of 895 adults (48%) along the entire trangect., However, a chi-gquared
test, revealed that there was no differential movement of females onto

the flooded shore (y* = 0.55, P»0.251.
6.5.2 Size diestribution
6.5.2.1 Within-billabong patterns

Length was measured of all mussels that were szampled for density
estimates in the different habitats of the billabongs. The sampling
rationale and methods are described in section 5.2, While density
estimates for Georgetown billabong were derived from late Dry season
sampling, size data, however, were obtained from the routine monthly
collectiong made over the entire duration of the study. Mean lengths

per substrate and depth interval within the Magela Creek billabongs
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are shown in Tables 6.23 - 6,28, Two-way analysis of variance was
performed on the habitat means wherever applicable to determine
whether there were significant différences in mean lengths among

depthe or in mean lengths amony different subgtrates,

Depth

No significant differences were found in gize among depths in
Georgetown, nor in gize between locationz (P » 0.05) when data were
analysed according to depths and the two routine transects sampled in
the billabong. However, partitioning of the sum of squares (SS) due
to depths into linear, quadratic and residual components revealed a
very significant (P < 0.01) linear effect. With the data of both
transects pooled, however, further regression analysis showed a very
significant (P ¢ 0.01) quadratic relationship, The regression
ecquation ig described in Table £.29, and the relationship plotted in
Fig. 6.18. Thus mussel size 1increases with depth in Georgetown,
reflecting the obsgervations that recruitment occurs in the shallow
reaches of the billabkong, and young musesels move into deeper waters
with age (cections ©.6.1 and 6.4.1). A slight decrease in size was
recorded in the deepest reachesz of the billabong (Fig. €.18). This
can be attributed to glower growth rates of musgselg here rather than
the presence of younger age clazses, because mean age increases with
depth in the billabong (Fig. /.25)., Thig might Lke due to oxygen
deficiencies at depth, or more likely to the high amounts of suspended
golids that occur during the Dry sceason and which are generally
inhibitive to algal production at these depthse (and hence food

availability) (Fig. 2.28). Sugpended =olids might also interfere with
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the normal feeding processes if the lcad iz greater with increasing

depth in the billabong,

In Gulungul billabong, musgel size tends to increase with depth (Table
6.24), though not enough depth intervals were @zampled for a
significant regrescion to be fitted to the data. it would appear
almost certain that the older age clazses would dominate a. depth, as
the hbillabong occasionally dries out, and mussels in deeper waterg
would be more likely to survive these periods. Analysis of variance
showed no significant differences in =ize among depths in Corrdorl
when data were analysed according to the two major substrate typee of
the hillabong., Partitioning of the depthe S8, however, revealed a
gignificant (P ¢ 0.05) linear effect., As no substrate effectz were
found, the data were pocled. The resulting linear regresgion equation
ig described in Table 6.29, and the relationship plotted in Figure
6.19, Unlike Geogetown and Gulungul, mussel gize in  Corndorl
billabong decreasez with increasing depth. RAgain, either decreasing
mean ages or growth rates with depth can account for this cbservation.
Unfortunately no age data are available in relation to different
depthe of this billabong, Neverthelesg, both decreasing oxygen
tensions and congolidation of the sediments with increasing depth were
obgerved in Corndorl. Both factore have the potential to reduce
growth rates of muszels and even induce early mortality, thus
shortening the lifespan of mussele at depth. Low oxygen
concentrations may effectively shorten the period available for
feeding, thereby affecting the growth rates of mugsels, or effectively
alter the age structure to favour yourger mussels by killing off older

mussels, The sgiltier enviromment associated with the very soft
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sediments of the deepest waters may alzo interfere with feeding, and
with age, more energy may be required to maintain a hold in the soft
sediments to the detriment of energy allotted to growth, When the
sedimente are extremely soft, mussele may reach a threshold size which
the szediments are unable to support and museels may congeguently
smother and die prematurely. This factor, however, carmot explain why
mussel size decreases with depth over the relatively more consolidated
sediments along the northern bank of the billabong (Table €.25), The
sediments, are notably siltier with increasing depth. From the
limited information, food availability may not be a factor»in reducing
growth rates with depth, as chlorephyll concentrations tend to be

greater at depth in Corndorl (Fig, 2.28). Shoreward migration with age

to avoid the deepwater strezses mentioned above could explain the
observed gize distribution,

No gignificant differencez were found in mussel gize among the
different substrate types in either Mudginkerri or Buffalo billabong.
Data among substrates were pooled for each billabong, and a single
analysis of variance wag again used to test for differences in mussel
sizes (1) between billabongs, and (2) among different depthe. No
differences were found in sizes between billabonge, but significant
differences occurred 1in girze among depths (P < 0.05). While
partitioning of the depths 5SS revealed a very significant linear
effect (P < 0.01) with the data of both billaborgs pooled, further
regression analysis showed an even more significant (P < 0,001)
logarithmic relationghip between wmussel gize and depth. The
regression equation is shown in Table 6,29 and plotted in Figure

&.20. The increase in mean sgize of mussels with depth in the charnel
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billabongs is cauzed by, at leazt, an increase in mean age over the
game gradient (Fig. €.26), To some extent, primary productivity is
also high over the deepest pertiong of these billabongs (Tables 6.21
and 6.22), and =o the larger =zizes of musselsg are partly related to

the higher growth rates here,

Mean length among the 10 sampling stations in Nankeen billabong did
not differ =significantly. Nor were significant differences found in
size among different depthe when averaged over the sgites. 2An analysis
of variance was performed with size in relation to billabongs and
depth, over the five floodplain billabongs, No eignificant
differences were found in muzeel size among billabongs, mor in size
among depths, However, partitioning of the depthe S5 ghowed a
gignificant gquadratic effect (P < 0.05). The relationghip is
described in Table 6.29 and plotted in Figure €.21., An intermediate
depth iz found at which size reaches a maximum in the floodplain
billabongs., Again, the relationship is mirrored by the =ame pattern
in the age distribution of mussels in these billabongs, where a

maximum age occurg at the same intermediate depth (Fig., 6.27).

In general, size wvariation of muszels in relation to depth in the
Magela Creek billabongs, can be explained by the same variations in
mean age, No age related data were available for Gulungul and
Corndorl billabonge, but 1f gize in these billabongs ig a reflection
of the age distribution (as in the other billabongs) then mean age
increaces with depth in Gulungul but decreases with depth in Corndorl.
I1f this is the case, then substrate- and/or oxygen-related factors

might best explain why older mussgels avoid or succumb in the deeper



reacheg of Corndorl billabong,

As  geasonal movements of at least a portion of the Georgetoun
population are likely to bring muzzelz into contact with a variety of
the sediment types of thisg billabong (gection 6.8.1), no analysig of
size distribution in relation to substrate was urndertaken here. Nor
did the relatively homogenecus gedimente of Gulungul and the
floodplain hillabongs provide opportunities for such study. As
mentioned earlier, no significant differences were found in mugsel

sizes between the twe substrate types in Corndorl billabong.

No significant differences were found in mean size of mussels among
different substratez in either Mudginberri or Buffalo hillaborgs.
Using mean sizes per cubstrate type over all depths sampled,
differences in gizes were tested for among comparable substrates in
both billabongs, No significant differences were found in mussel
gizes between the two billabongs, bhut significant differences were
found in sizes among the different substrates (P ¢ 0.05). 2s for the
analysis performed 1in section 5.4.1.2.1, the four sediments were
ranked in order of increasing organic content and decreasing particle
size. The substratez SS was then partitioned into linear and residual
componente, This revealed a very zignificant linear effect (P < 0.01)
with mean sizes 1increasing over the gradient from scand, to the
relatively siltier and increagingly unconsclidated and organic
sediments (Fig. 6.22), While the more organic sediments generally

harbour relatively older mugsels in the channel billabongs (section
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6.5.3.1), the increase in wmean sgize over the gradient of increasingly
organic sedimentg can also be attributed to the same trend in faster
growth rates of mussels as previously found (gection 6.4.3.1),

6,5,2.2 Between waterbodies

For size disgtribution analygie between all waterbodies, cuantitative
data from all routine monthly collections were used. This meant that
only in the billabonge - Georgetown, Mudginberri, Buffalo and Nankeen
- did non-selective gampling encure that all the size classes were
reprecsented (gection 3.2.1). Nevertheless, for size classes above
about 20 mm (section 3.2.7), the data between waterbodies are assumed
comparative. Table 6.30 chows the mean lengthe, their standard
deviationsg, maximum and minimum lengths and cample sizes of mussels
recorded from all waterbodies., Figureg 6.23 and 6.24 show the length
frequency distributions of muzzels from the various waterbodies. From
thege figureg an ubiquitoug adult mode ig apparent. Thig large and
often single mode reflects similiar, unimodal age distributions (Figs
6.29 and &.30), where overlap in size of the adult age classes is
conziderable, and where young mussels may be sparse or approach adult
size very rapidly. The trough between the juvenile and adult mode of
the Mudginberri, Buffalo and Nankeen mussel populations, represents
high seasonal recruitment followed by significant juvenile mortality
before the young approach adult gize, Only in Georgetown billabong do
the gize distributiong represent regular year-to-year recruitment
where numbers of mussele gradually decrease with increasing age (Fig.
©.29). The bimodality of Gulungul size disgtributions is a direct
reflection of a trough of mizeing age classes in the age structure of

mugsels in the population (section 6.7.3).
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The mean =izez of muzzels 1n the different waterbodies (Table 6.30) is
clearly related to differences in growth ratese, even though the mean
length is overestimated to some (zlight) degree in populations where
very semall mugeels were not collected or were uncommon. Like
asymptotic eize (L_ ) therefore, mean length correlates with mean
chlorophyll concentration of the waters, the latter reflecting a
measure of food availability. No statistical treatment of these data,

however, was undertaken,

6.5.3 Age structure

The age data derived from mucsels collected at routine monthly
intervals in the waterbodies, were used for the following age

structure analysis,

6.5.3.1 Within billabongs

Sufficient quantitative data were available for Georgetown,
Mudginberri, Buffalo, Leichhardt and Nankeen hillabongs, for
within-billabong gtudy. Becausge of the seagonal movements of mussels
over the sediments 1in Georgetown, the limited number of sampling
stations within Mudginkerri and Buffalo, and the relatively
homogenecus bottom types of Leichhardt and Nankeen billabongs,
analyses were rectricted to relationchipe between age and depth only.
Mean ages per depth interval within the billabongs are shown in Tables
6.31 - 6.34. Again, two-way analysig of variance was used as the test

basgiz for studying these relationships.
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No significarnt differences were fournd in mean age among depths in
Georgetown, hut a significant difference in mean age of mussels (P <
0.05) was found between the two routine transects sampled in the
billabong. Mussele on the zandy, ghallow transect were significantly
younger than those further downgtream on the mudd§ and relatively
deeper transect. While partitioning of the depths SS would most
likely have yielded a sigraficant linear effect, plots of mean ages
and depthe for each transect suggected logistic relationships would be
more appropriate models., The fitted functions are described in Table
6,35 and are plotted for each transect in Figure 6.25. As for the game
pattern in size distributionz within the billabong, the increase in
age with depth along each trangect can be interpreted by peripheral
recruitment, with young musselz moving into deeper waters with age.
Presumably, thig response 1gs a gradual one and is a reaction to
falling water levels and increasing water temperatures that accompany
the progress of each Dry geason. By the end of particularly dry years
especially, mussels would be left in the little remaining waters, of
the deepest portiong of backflow billabonge, The observation ig
probably meodified to some degree by the increased mortality that might
be expected in the shallows from desiccation, high water temperatures

and mammalian predation,

For the same depth intervals in Georgetown billabong, museels are
younger on the shallow, =zandy transect than further downstream on the
deeper, muddy ftransect, Recruitment on the shallower transect is
* digproportionately high, 885 out of 2436 mussels collected on this

transgect were less than a year old compared to only 493 out of 2658
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further downstream. The large numberz of juveniles on the shallower
transect therefore have a significant influence on the mean age
structure here, The shallower transect iz also presumably, a less
stable environment than further downstream, In particularly dry
years, high mortality may result from high water temperatures,
degiccation and predation. This region of the billabong is also
susceptible to scouring during Wet season floods, and the population
on the sandy sediments may be periodically removed during such events
(section 5.4,1.2.1). 1t 18 tempting to suggest that the significant
recruitment obgerved over thig transgect ig come form of density
dependent compensation for the relatively fewer adults that occur
here, Conditions here, however, may be particularly well suited to

the needs of juveniles asz opposed to elsewhere (section 6.6.1),

Significant (P < 0.05) and highly significant (P < 0,001) linear
regression relationships were found hketween mean age and depth in
Mudginberri and Buffalo billabongs respectively, The regression
equationsg are described in Table &.3%6 and plotted in Figure 6.26,
Mean age increasges with increascing depth in both billabongs, Unlike
Georgetown, there was little evidence to show that recruitment was
higher in the challower waters or that mussels moved to deeper waters
with age (section 6.6.1). To sone degree, the deeper reaches of the
billabongs are out of the mainstream flow, where sgilt and detritug are
able to settle, Thus older mussels occur on these sediments in
Mudginberri (gites 3 and 4 1n Table 6€.32) and to some extent in
Buffalo billabong (sites Z, & and 7 1n Table 6.33). Some sandy sites
“in both hillabongs are presumably relatively ungstable and shifting,

and younger mugsels may ke expected there because of this. Sites 1
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and 2 in Mudginberri (Table £.32) and =itez &, 9 and 10 in Buffalo
(Table &,33) are examples of these., Site & in Buffale cccurs in a
narrow neck of the billabong (Fig. 3.1), where stream velocitiesg were
obgerved to ke particularly high during the Wet, The shifting sands
here hear few mussels but those that are present are relatively young.
The mussels in fack, were so young for the observed depth that the
site was omitted from calculation of the linear regression equation
(Fig. &.26). Neverthelegs, other sandy sites in Buffalo billabong
harbour relatively older mussels (sitez 1 and 4) and are therefore
presunably cquite stable, The clean waterg of both billabongs can
expect relatively high bottam water temperatures particularly over the
late Dry (Table 2.6). The warmer environment in the shallower reaches
may be stressful and therehy stimulate mussels to move to deeper
waters, The higher temperatures may alsgo increase metabolic rates
enough to induce an earlier mortality of mussels in the shallows much
as suggested for other bhivalveg (Appendix 3). High growth rates were

found for mussels in some shallow reaches of Buffalo billabong (Fig,

6.15).

Highly seignificant differences were found in mean age among
hillabongs, and in mean age among depths (P < 0,001) when data were
analysed according to the five floodplain billabongs, Partitioning of
the depths SS showed highly sigmificant (P < 0,001) guadratic effects,
Significant quadratic relationshipe between age and depth were found
for Leichhardt (P < 0.01) and Nankeen (P ¢ 0.001) billabong. The
regreggion equationg are described in Table 6,36 and plotted in Figure
‘6,27, An intermediate depth i1s found in the floodplain billabongs at

which age reaches a maximum but about which mean age of musesels
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decreases, In the floodplain billabongs, recruitment occurs in the
littoral =zorneg (gection &.6.1), and either progressive movement to
deeper waters with age, increased mortality in the shallows, or both,
may explain the progressive increazc 1n age of muszelg with depth.
Movements are presumably associated with avoidance of the resuspended
gilty sediments that are likely to be accentuated in the shallows,
avoidance of high water temperatures, desiccation and predation,
Mussels might also suffer significant mortality from thesge factors and
even the higher growth rates of mugzels in at least the early life
stages in the shallows, by zome physgiological mechaniem, might shorten
the life epan. Mugsels reach a mazimum age at an intermediate depth
beyond which they become progressively younger, 0Older mussels could
conceivably migrate shoreward with increasing age to avoid the hazards
associated with the greater depthe, Significant mortality of older
mussels at greater depths is also likely. Dissolved oxygen depletions
that may be severe at depth in the floodplain billakongs are almost
certainly the major strezses that induce both movement of older
mussele away from, and premature mortality of the older age classes

in, the deepest reachez of the billakbongz.

In all of the billabongse ztudied, mean age increases with increasing
depth. Poth increased mortality in the shallows, and avoidance with
increasing age of these regiong with all their hazards can account for
this obgervation, Only in floodplain billabongs, were mean ages
observed to decrease at the greater depths, again adding strong
support to the view (gection 5.4.1.1) that deep water oxygen
“depletiong are particularly streceful to mussels in these

environments,



6.5.3.2 Between waterbodies

Re for comparison of gize distributions between billabongs,
nonselective sampling in Georgetown, Mudginberri, Buffalo and Nankeen
billabongs biasez the age structures of their mussel populations,
This bias ag argued in section 6.5.2.2 is minor considering the rapid
growth of juvenilesg and iz assumed to have no major and significant
effect on mean age of the populations, These comments are made even
more relevant when it is considered that for 1981 and 1982 when
sampling was most concentrated, recruitment in fact was relatively
poor in those billabongs where young mussels may have been misged
{section 6.6.2). An exception to this rule, however, are the
populationg in the Magela Creek charmel in which there is apparently
regular year-to-year recruitment., Thus, recruitment and collection

biases were not large enough to adversely affect comparisons between

waterbodies.

Mean ages, their standard deviationg, maximum and minimum ages and
sample sizes of aged mussels from the Magela Creek waterbodies are
shown in Table 6.37. Figures 6.28 and 6.29 show the age frequency
distributions of mussels from the various waterbodies in relation to
the year of recruitment of the particular age classesg. A feature of
these fiqures (also from Takle 6.37), is the considerable variation in
life-gpans between populations of mussels. Whilst longevity and
mortality are discussed elsewhere (section 6.7), a general observation
is that populations are long-lived, indicating low adult mortality.

The age distributions (accounting for age, classed according to year
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of recruitment) of populationz from szome waterbodies show a gradual

decreaze in numbere from the youngest age clase to the oldest,
indicating reqular year-to-year recruiltment, This ig a feature of the
Georgetown billabong population, and is alsgo shown for the Magela
Creek charmel, although the very young age classes were inadequately
sampled. Although dominant  vear clasges are pregent in  the
Mudginberri and Buffalo mugesl populations, the gradual decline in
rumbers over the lifesgpan suggesgts that recruitment is fairly regular,
Irregular age distributionz characterised the populations in other
billabongs signifying irregular, and in most cases, congiderable, year

to year variaticn in recruitment, or occasionally significant adult

mortality.

Bell-chaped age distributicong are thought to typify stable populations
and where the bhell 13 skewed to the left, the populaticns can be
regarded as increasing and virile, When mean age 1g compared to
maximum age in the muszel populations of the Magela Creek (Table
6.37), it is always much leze than half the value of the latter. Thus
these populations may be thought of as young and increasing., For most
muscel populatione studied elsewhere, the typical bell-chaped nature
of their age distributionz is explained by an absence of the youngest
age clasges. However, irregularity rather than a bell-ghaped nature
characterised the age distributions of populationg in the present

study, and youny were presgent in all numbers from abundant to scacce.

2
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1f young were uncommon, it was becauge they were inadeqguately sampled
or recruitment (for reasonz governed by the prevailing environmental
conditionz, section €.6.2) was poor over the relevant periods of the

study. There was no evidence that young were scarce because they
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occupled a habitat remote from that of the adultz (gection 6.6.1).
Thug despite some ‘typical’ appearances ascribed to the age frequency
distributions  of freshwater mussels and the wvery  general
interpretations given to their shapes, an ecological basis for the
variation and irregularity in some age distributions of mnussel
populations in the Magela Creek can he ascribed in a quantitative
marmer to envirommental factore that affect both recruitment and
mortality. Uging the population age distributiconsg as portrayed in
Figurez 6.28 and ¢&.,29, the following two sections pertaining to
recruitment and mortality explain how these age structures are

modified by the factorz that determine recruitment and death rates,

6.6 Recruitment of metamorphoged juveniles

6.,6.1 Seascnal and spatial occurrernce

Seagonal occurrernce

Non-selective gampling of musegels in the Magela Creek was carried out
in  four Dbillabongs (gection 3.2.1), Monthly length-frequency
digtributione for the populationg i1n three of the hillabongs,
Georgetown, Mudginkerri and Narkeen, are shown in Figureg 6£,2-6.4,
Generally, only Wet season conditions yprovide the clean, well
oxygenated waters needed for grewth and development of the newly
metamorphosed juvenile, These recquiremente are reflected 1in the
geasonal nature of recruitment of mussels in the billabongs (Figs

6.2-6.4).
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Juvenile muzzels in Georgetown hillabong are recruited in the shallows

o
(4]

during the Wet to mid-Dry - that 1z, from February to ag late
Ruguzt (Fig, 6.23. The relatively protracted period of zettlement of
young mugcele here, reflects the provigion of clean, aerated waters in
the littoral zones over this pericd. Later in the Dry, the extremely
turbid waters are inhibitive to larval production and presumably to
larval development., It 1z likely too, that significant mortality of
juvenileg that settle late 1n the recruitment period occurs from the
high amounte of suzpended =zolids. These might be expected to
interfere with normal gill functicning of the sensitive young nussel.
Thps, distinct juvenile modes progress through the late Dry showing

the clear seagonality of recruitment (Fig, 6.27,

Significant recruitment in Mudginberri occurs when Wet season flow iz
discernible through the hillabong between January and May (Fig. &.3).
Dissolved oxygen concentrationz are highest in the billabong at these
times (Fig, 2.20), In the relatively deep waters otherwise, even the
zlightly depresszed levelz of oxygen during the Dry are apparently
gsufficiently streseful to prevent larval settlement and development,
Thig might ke readily understeocd for the silty and organic sediments
of the deepest parts of the billabong where microhabitat oxygen
availability is likely to he relatively low and where silt may clog
the gills of the young. Some minimal recruitment occurred, however,
throughout the Dry seaszon 1n Mudginberri (Fig., 6.3). This was
_observed mostly at site 2 iFigure 3.!) where waters are shallower and
the sedimente less organmic and =ilty than elsewhere, Juveniles could
algso be found on candy littoral areas at the szouthern end of the

billabong in the late Dry. These zites are presumably better aerated
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than elsewhere, However, the juvenile length-frequency modez that
cecur in the mid to late Dry do not progress, and so mortality of the
small Dry season recruits appsars to b2 high, Fish predation may be
more 1intenge in the clean waters of the Dry, or periodic lulle in
oxygen availability that accompany the cycles of algal bloomz in the

billabong later in the Dry tzection 2.3.2.2) may be destructive,

Recruitment in the floodplain billabongs is probably the most seasonal
and sgynchronised for the waterbodies as dissolved oxygen is of
sufficiently high concentration and turbidity generally minimal only
during the Wet gceason, HNewly recruited mussels were observed in
Nankeer billabong between Fehruary and May (Fig. 6.4). Severe oxygen

)

[N

depletions that accompany the Wet-Dry interchange (section 2.3,2,
prevent larval settlement in the mid Dry in Nankeen and presumably the
other floodplain billabongs.,  Although oxzygen concentrations may be
relatively high in the mid to late Dry, the high turbidity obgerved in
Nankeen at these timeg, i1nhibite larval production and subsequent
recruitment., Dissgolved oxygen concentrations in the clean, late Dry
geagon waterg of Iegland and Leichhardt billabongs are probably not
sufficiently high encugh for gigrnificant recruitment then, Both
deepwater oxygen depletion and turbidity are likely to prevent Dry
zeason  recruitment in the heavily vegetated bhackflow billabongs,
Gulungul and Corndorl as well, It is conceivable however, that in
well oxygenated littoral :zanez as 1n Georgetown, some recruitment
cmight occur well into the Dry in either billabong. In at least
Gulungul billabong, however, flooded littoral regions have an
unsuitable bottom sediment of hard-packed clay. In any case, waters

may recede too rapidly cover the broad shallow basin for juveniles to



205

retreat in time to deeper waters,

Az a general rule then, mussels are recruited seasconally into the
Magela Creek waterhodies in a relatively short period for respective
populationg, within the broader time gpan of the begirming of the Wet

to the mid Dry.

patial occurrence

1o

Tables 6,36-6.40 show the numbere of juvenile, young-of-year mussels
guantitatively sampled in Mudginherri, Buffalo and Nankeen billabongs
respectively, in relation to bhoth adults sampled and habitat.
Chi-zquared testszs were used to dizeern differenceg in the proportiohs
of juveniles in relation to adults in the different habitats., Such

differences might indicate different habitat requirements of the

young,

A graphic representation of recruitment patterns was chosen for
Georgetown billabong (Fig. &,30). Shown in thisg figure ig the
population structure of mussgels during 1981, along the shallow,
relatively sandy trangect upstream in the billabeng, Newly recruited
mugsele (< 20 mm in gize) appear from May to about August in the
challow reaches of the transect, moving progreszsively to deeper
regiong as the waters recede, The recruitment pattern wag not as
Cpronounced on the northern shore of the transect (Fig. €.30), nor on
the deeper, muddy trangect downstrean, Thieg 1ig explained partly
because the inundated sghallows of these regionz were steep and not

very extengive, and/or the hottom types compriged mostly unsuitable,
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hard-packed mud. The occurrence of Juvenilez in the ghallows is
almost certainly related to the habits of the host fishes that were
notably active amongst the weeded littoral zones at the time of
juvenile musgel recruitment., It 1g conceivable that some additional

2 have restricted settlement

()

deepwater oxygen depletionz may al

¢

elsewhere over this period.

Chi-gquared teste revealed highly significant differences (y ¢ =108.8,
P < 0.001) among the different sitzs sampled in Mudginberri, ard no
gignificant differences (y * = 12,41, P > 0.05) in Buffalc billabong,
in the proportions of young relative to adults, Strong currents flow
through Mudginberri billabeong, and the digtribution of juveniles might
therefore be expected to he influenced conziderably by flow patterns.
More Jjuvenile mussels were found at gite 3 than might bhe expected,
while fewer were found at =zitez 1 and S (Table £,38)., Particularly
high fleooding occurred in Fekruary 1980 and March 1981 that may have
been regponsible for szweeping juveniles away from sites 1 and 5 where
currents would be expected to be stronger in relation to other sites
(Fig, 2.15), Site 3 is a hackwater area into which juveniles are
probably swept during high diecharge eventg, and might be expected to
record relatively larger numbers of juvenileg, The =ilty and organic
gediments here may nevertheless be the cause of significantly higher
mortality of juveniles over the ensuing Dry if the site receives flood
refugees on a reqular annual hasgisg, By contrast, currents through
~Buffalo billabong during the Wet are considerably reduced, and the
young are notably evenly dispersed over the billabong (Table 6.39),
The sandy sitesg, 1 and &, can be expected to receive stronger currents

during the Wet. The rumber of juveniles on these sites is relatively
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low (Table 6.,39) hbut ig proportionately the same az adults,
stream currentg or other factors may modify the distributional
patterns of the host fishes 1in the chanrnel billabongs. The high
densitiesg of mussels in the soft clay sediments of both billabongs for
example (Tables 5.4 and 5.5) may be related to their location in
eddies to the side of vigorous stream flow, These places may be
expected to be frequented hy feeding or migrating fishes (section
2.3.3). The backwater gite (3) in Mudginberri billabong might also be

frequented more by feeding fishes than elsewhere,

When data were grouped according to five depth zones in Nankeen
(0.0-0.49; 0.5-0.99; 1.06-1.49; 1.5-1.99; 2.0-2.49 m), highly
significant differences were found in the proportions of young to
adults, among the different depths (y 2 = 35.7, P < 0.001), When the
proportions of youny relative to adults were plotted against
increasing depth, the proportion declined with depth (Fig, 6.31). &
significant (P < 0.05) negative exponential regression equation was
found to describe the relationship, shown in Figure 6,31, (The
percentages of the dependent variable were transformed uging a
complementary log-log function as described in section 6.6.2). Thus
from this Figure, and from earlier data (section 6.5.3.1), the
occurrence of juveniles differs significantly from the adults, and
recruitment is highest in the shallows., The marginal watere of the
floodplain-billabongs are reasconably well vegetated during the Wet, a
feature that apparently attracts fich teo the shallows. The occurrence
of juvenile mugsels in the shallows therefore 1is presumably related to
the game distribution of their hosts, Further, deepwater oxygen

depletions which juvenilez are particularly susceptible to,
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undoubtedly restrict the young tc the shallows either through causing

higher mortality of young at depth or by sgtimulating movement away

from the depths.,

Thue in billabonge with shallow ghelving banks, juveniles occur in
different habitatz than thoze of the adults, Occurrence in the
shallower waters is presumably related to the habits of the host
tishez, and the higher oxygen concentrations that occur there,
Otherwige, differences between juvenile and adult occurrence appear to
he related to disperzal by stream currents, and conceivably by the
influence of that factor upon local fish habitsg and locations. None
of the observed differences 1n habitat of juveniles and adults could
be attributed to the need by juvenilez of quite specific sediment
types. Young were common in soft, crumbly mud and detritus in
Georgetown, fine gilt and clay in Nankeen (homogeneous at all depths)
and from sand, grading to organic and =silty soft sediments in
backwater regions, of Mudginberri and Buffalo billabonge. These
sedimerits range widely in texture and consiztency, and possibly the
least suitable are thoge =ilty sediments in the backwater regions of
the channel billabongz. On these gediments of site 3 of Mudginberri

billabong, however, are recorded the highest proportion of juveniles

to adults of any other cite, and within any other billabong (Tables
6.38 -~ 6.40),

6£.6.2, Factors affecting recruitment

The occurrence of recruitment during the Wet, and earlier evidernce

(section 5.4.1.2), strongly implicate Wet seasgon flow as an important
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determinant of juvenile recruitment in, at least, bhillabongs lying on
the mainstream channel of the Magela Creek. As a supplier of
dissolved oxygen, Wet seazon discharge is especially critical to
populations within the heavily vegetated, floodplain billabongs where
minimal or intermittent flow under the prevailing, warm conditions of
the Wet, quickly produces deoxygenating conditions, Low dissolved
oxygen concentrations (as mentioned earlier, section 5.4,1.2.2) are
inhibitive to larval production in female mussele, and detrimental to
newly-recruited juvenilesz, From Figur= 6.29, a number of dominant
vear classges are apparent in the age structures of mussel populations
in the floodplain billabongz. The peak in year class strength occurs
in mugsels recruited during either the 1973/1974 or 1974/1975 Wet
Seasons., Discharge data availakle for the gauging station hbelow
Jabiru (GS 821009, Fig. 2.3), show & number of wet yeare at about

these times,

As observed in the fleoodplain billabongs, the Wet/Dry interchange is a
period of regqular, and often zevere oxygen depletion, This period
therefore might be expected to bhe critical for juvenile survival, If
the Wet season were to end early, a relatively large period of warm
weather remaing until the cooler period (commencing in about May)
under which deoxygenating conditions may ke more pronounced. If Wet
seacson flow were to continue relatively late into the season, only a
short period of warm weather would remain before the cooler nighte of
the Dry effectively mix the water column, breaking down stratification
and reducing periods of anoxia. Further, a protracted and late finish
to the Wet mnot only means a longer breeding season and enhanced

recruitment, but also providez a longer growing season for the
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juvenile, From experimental observations (Appendix 63, tolerance to
anoxia increases with increasing muscel size, and so the larger the
juvenileg are in zize at the end of the Wet, presumably the better are
their chanceg of survival when deonygenating conditions kegin. Thus,
the mest dominant year class in the floodplain bkillabongs originates
from the 1974/1975 Wet geason (Fig., 6.29). This Wet was not the
highest in termz of total discharge, but significantly, the April
discharge was the highest (Fig, 2.3) and =0 the late finish to the Wet
may presumably have enhanced recruitment for the reasons mentioned
above. It isg also significant that this dominant year class occurred
in Island, Leichhardt and Jabiluka billabongs, where anoxia at the
Wet/Dry interchange is most pronounced (Fig, 2.21), A limitation to
this correlative approach, however, 1is that Dry season oxygen
concentrations are precumakly alsce responsible for post-recruitment

aurvival, Information asg to when th

i

Wet seagon finishes gives by no
means complete prediction of the oxygen relations in billabongs that

are likely to prevail throughout the enzuing Dry.

Regresgion analygisg wag uced to test for correlationg between
discharge and recruitment in the floodplain billabongs. Although a
gauging station ig located on the floodplain at Jabiluka billabong (GS
821017), records held are nct ewtenzive, and because of the complexity
of flow patterns on the floodplain, reliable rating and gauging by the
station 1is not as yet guaranteed (N.T. Dept. Transport and Works,
Water Division, 1979)., More extensive and reliable records, however,
are held for the gauging station upstream near Jabiru (GS 821009),
For the limited and reliable data that isg available, a good

correlation of discharge exists between the two gauging stations (N,T.
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Dept, Transport and Works, Water Division, 1980), (It is notable,
however, that flow beging earlier and ceages earlier at Jabiru than on
the floodplain at Jabiluka.,) Monthly discharge data for the 9 year
periocd from the 1971/1972 to the 1979/1550 Wet season from the gauging
ztation below Jabiru were uzed in the analyses, Because of the
similarity in age structure between mussel populations in all of the
floodplain billabongs (Fig. &.29), the year class data were combined,
Strength of year class for each billabong, was calculated as a
proportion of the total numbers of musszels of all the age clacses
recruited over the 9 year period that discharge records had been kept.
An averaged proportion was then calculated for each year class, for
the floodplain billabongs, It 1g conceded, however, that the
regregsion analyzis used would rezult to some degres in crude and
inaccurate correlations, as the error introduced because of natural
mortality effects waz not conzidered. Rlthough mortality in one
floodplain billabong (Nankeen), over the 9 year period of life
considered here, amounted te less than 10 percent (Fig., 6.36), this
value ig probably higher in billakonge where anoxic periods (likely to
be a eignificant cause of mertality, zection ©.7.3) are more severe,

such as in Leichhardt hillabong,

Systematically, varioug discharge combinations were regressed againgt
year class strength (the latter arcsine transformed). Total discharge
for the Wet season for ingtance, may not be =o meaningful if most of
the flow occurred in one relatively short period that did not leave
time for either larval production, the parasitic phasze or sufficient
growth hefore the effects of deoxygenation at the end of the Wet were

felt, P critical two or three month period of the Wet for example,
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may be all that iz required to effectively determine recruitment,
Thus, discharge was tegted one month at a time (e.g. December
diacharge against strength of year olazs, Januacry dizcharge against
strength of year clasz, etc,), then discharge combined for two month
periods, and so on, digcharge adding cumulatively until total
discharge was regressed against year clase strength. The final test
used was a multiple regression analysis, regresging all months,
December to May for the 9 year pericd of digcharge data againgt

recruitment,

As shown in Table 6,41, many significant correlations (P < 0.05) were
found between discharge and year clasz strength. (A few of the plots
indicated that an exponential model may have provided a slightly
better fit to the data, Heuever, with the exception of the eguation
described below, these were not calculated.) It is notable that the
latter months of the Wet are heavily represented in the regressions,
especially where combined pericds of dizcharge were shortezt, This
adds strong supportive evidence to the claim that late Wet geason flow
is most critical to Juvenile recruitment and subsecquent survival.
While a few discharge periods bors stronger correlationg to year class
strength over others (P < 0,01}, no one correlation wasg outstanding.
For descriptive purpogesz, an  adequate model nevertheless was
congidered to he that regrescion equation combining all of the
significant discharge that might be felt through the floodplain
billabongs, namely the period Jarmary to May., (From digcharge data at
Jabiluka, zignificant ztream flow beginz 1n January and extends well
into May, whereas upstream at GS £21009, flow is not nearly as

dizcernible during May.) The linear cegrezzion equation for this
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period 1g dezcrilbed in Tabls £,11. k5 exponential model, however,
shown in Figure £,32 provided a bettec £1t te the data (P ¢ 0.01).
The model wag derived by tranzsformang the percentages of the dependent
variable with a complementary log-log function, log(-log(l-¥/1G0)),
The regresszion equation 12
Y o= 100CI-EXP(-0,043EXP(0,00224X) ) (P < 0,01, ¥® = 0,653)
where Y = year clasz ztrength percent)

and X = total discharge tor the period January to May

i x 10-¢)

Herice, total discharge between January and May accounted for €5
percent of the variaticn in year rlazsg strength of muzsels in the

fleodplain killabongs over the 9 vear period of discharge records.
g 7

The bezt fit of the linear multiple regrezgion equation, however,
accounted for all (100%) of the variance in year class strength, The

multiple regression equation 13:

Y = 0,176 - 0,00017X1 + 0.0012X2 + 0,0004X3 + 0,0011X4 -
0.0017X5 + 0,005¥%e «¢* = 1,000

where ¥ = Year class strength Jarcein 7 (Y 1n percent/100),
radianz)
X1 = December,
X2 = Januarcy,

3 = March,

X4 = Rpril,

S = May.
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X6 = June discharge o x 107 ),
Table &.42 shows the significance levelg of the regression variables,
December, January, March and April dizcharge are important variables,
April discharge ig by far the mest important variable (Students t =

82.0%)y followed hy March and January (Table £.42), Thus, 1t i

[0]

predicted that late Wet zeazon digcharge (March and April) enhances

recrultment., Discharge, however, at fthe extremities of the Wst
(December and Mayi hag a negative effect on recruitment, {The
negative =2ign 13 uminterprebable,) Neverthelesz, the gign and

significance levele of the January, March and April variahles are more

(’[’)

azily interpreted, High Jarmary discharge (the first significant
fluching that the floodplain billabongs receive) presumably results in
early juvenile metamorphoziz and zettlement. While February discharge
ig almost always greater than in January (Fig, 2,3) high diecharge in
March and April further ernhancez recruitment and lengthenz the growing
seagon of those mussels recruited asg early as January., Thus by the
end of the Wet, early recruits may be of consziderable size, and the
late finish of the season might nevertheless hhort@n the period that

the young are exposzed to low dizsolved ouygen env1ronments.

The shorter period of time cover which mussels were campled, and the
bias against the small juvenilez in the collections precluded analysis
of the 1980/1921 ard 1981/1987 Wet szeason recruite, The multiple
regreasion equation, however, predicted relatively good recruitment in
the 1980/1981 Wet (about half the sztrength of the most dominant
(1974/1975) year class) but only about half thiz value again for the

strength of the 1981/1%82 Wet season year class Early indicationg

at o

’

from Nankeen billahong at leazt, where non-sclective sampling was
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performed, are that thesze valuez may in fact be quite accurate. Hence
the multiple regression equation asz 1t gtands appears to be an
adequate model, having significant  predictive  wvalus, Further
discharge data and information on mussel age gtructure in  the
floodplain billabongs will presumably increaze the predictive value of
the model, The generalised model, moreover, could be recalculated
using data from individual hillabongz, 2o that recruitment might then
be predicted for gpecific floodplain billabongs.

From Figure €.28, it 1

’

i

apparent that recruitment in Corndorl
billabong follows the zame year to year pattern as in the floodplain
billahongs, Preaunably thiz reflectz the fact that this heavily
vegetated billabong behaves in a similar fashion to the floodplain
billabongs at the end of the Wet, with periods of deoxygenation
(section 2.3.2.2)., Therefore, protracted or extended Wet seasons also
erthance recruitment here and =imilar ccorrelations can be assumed., In
the channel billabongs, Mudginberri and Buffalo, recruitment isg much
more regular, with much slighter evidence that high discharge and
extended Wet seasons benefit recruitment, Presumably this reflects
the obgervation that rneither billabong hecomez gignificantly
deoxygenated at the Wet/Dry interchange, and survival of recruits
therefore, iz lezs dependent upon the amount of water discharged
through the billabong during the Wet, Even in the Magela Creek
channel where recruitment 1z very regular, the beneficial effects of
the extended 1974/197% are felt in the glightly elevated age class
peak in the population (Fig, &.23), Dominant age classesz in Gulungul
billakong finally, may be more influenced by remaining waters left in

the billabong at the end of the Dry, than by Wet season dizcharge
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patterng thengelves, Signitficant mortality of musselzs might he
expected if the billabong were to dry out, Further discussion about
the age structure of thiz population therefore, is dealt with in

gection 6.7.3.

6.7 Mortality

6.7.1 Survival between the zexes

Plotz of =zex ratioz with age were made to dizcern whether at any stage
in the lifespan of mugzels within particular waterbodies, differential

mortality occurred. From the plets, it was clearly apparent that sex

ratios of Velesunico angasi within several billabongs, changed with

increasing age. The relatiomships are shown for these populations in
Figure 6.33, .In billabonge where changing sex ratios were ohserved,
invariably the proportion of femalez appeared to decline, at least in
the latter years of life (Fiy, €,32), Regrescion analysis was
performed using =zex ratio and welghted age data of the oldest age
clasges, systematically including younger age classes until the
correlation became inzignificant (P » 0,05)., From the next age class
orward therefore, it could be gaid that the proportion of females
aignificantly declined with age, Such relationghips were found in
mussel  populations 1n Mudginberr:i, Igland, JajJa and Leichhardt
billabongz. The same regrezsion approach was used for the data from
Jabiluka billabong, but in reversze order, in which the proportion of
females significantly increazed with age (Fig, #.33). The linear
regregsion equations and the range of ages over which significant

correlationz between =zex ratic and age were found (P < 0.05), are
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shown in Tahle 6,43,

While the age variationz obsgerved in the zex structure of mussel
populations might indicate differential mortality of the sexesz, other
interpretationg are availakle, Tudorancea (1969) indicated that the
variationz in =ew raticz of {freshwater mussels arose from sex
transformation with age, He found more male Unio tumidus both at
younger and older ageg, while femalez ocutnumbered males in the middle
yearg, While no gignificant cuadratic effecte could be found using

individual obzervationz of zex

L]

atic and age, neverthelezz the zame
trend ag found by Tudorancea ig apparent in the gex ratios observed
throughout the lifesgpans c¢f muzzel populations in some Magela Creek

billabongs (Fig. 6.33).

The notion of major sex trancformations occurring within the lifespan
of V., angasy is conzsidered 1in zection 7.5, but it is of interest to
thig discusgeion that the proportions of females in some billabongs
decline at older ages. It might he eupected that assoriated with the
approach of old age in organizmg, are a physiological weakening and
increasing intolerance to environmental stresses, It is worth noting
that the populationsg in which the numbere of females decline with old
age in the Magela Creek, are mceetly from the floodplain bkillabongs
where a common major strese 1o their poor oxygen relations. Whether
the decline in the numberz of femalez at older ages is due to either a

sex transformation, higher mortality with increasing age, or both, it

is tempting to =uggest that of eithsr zex, the females might be

3

expected to be more stressed at age, Higher demands are presumably

placed upon the physiology of femal

:
2]

3%

11}

S

T
i

becauze the gills serve
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an additional function of harbouring and nurturing the larvas, In low
oxygen environments therefore, older female musselg may be hard
preseed to find sufficient cuygen and yet perform the additional gill
functions of feeding and larval brooding, In fact, at low
envirommental oxygen levels, larval production by female mussels in

the Magela Creek billabongs ig inhibited (section 7.10.1). Thus a

[y
n

sexual strategy, reproductive effort might be optimised at clder ages
in enviromments with poor oxygen relaticnsg, by production of male
gametes, Alternatively or additionally, because females may be more
vulnerable to stresses at old age, their lifegpan might be expected to
ke conziderably zhortened, The latter interpretation iz atrongly
suspected (gectiong 7.5 and 7.6),

6.7.2. Estimation of survival rates

Becauvse quantitative samples were taken systematically over a two year
pericd of collecting, opportunitisz were available to estimate age
gpecific mortality in mussel populationg from Georgetown, Mudginberri
and Nankeen billabongz., Age specific mortalities are of considerable
interest in population =studies hecauge asg mortality usually varies
greatly with age, ig then poszsible to elucidate the roo~= underlying
the c¢rude, overall population mortality (O0dum, 1971). For freshwater
muszel populationz, age specific mortality rates have been estimated

for populations of Margaritifera margacitifera (Bauer, 1983) and

Anodonta anatina (Negus, 1966, Bauer'z (1983) estimates were based

upon ratiog of living museels in every age clase and numbers of empty
shells, while Negus (1966) compared the proportionz of mussels within

specific age classes, between cuccessgive vears for her estimates,



Otherwise, both Haukioja and Hakala (1972h) and Green (1980) estimated
the mortality of the oldest part of certain Anodonta populatione, by

analyzis of rcatch curves,

In the present study, both catch curve analysie and ratiocs of nuscel
numbers in specific age classez, between zuccessive years were used to
estimate age gpecific mortality, All mussels collected from the

routine monthly =samples in Georgetown, Mudginberri and Nankeen
billabonge were uged in the analyses, A proportion of the samples of
adult musesels from Georgetown and Mudginberri billabongs were unaged
(section 3.3). The mussels belonging to this proportion were assigned
an age according to the overall proportionz of adult age classes
estimated earlier (zection €,5,3.2), Age frequency distributionsg
were then constructed for the three populations, pooling numbers of
mussels within specific age ~lasses collected over the two year
period, without regard for the year of recruitment, Thus, young of
vear mugsels ('0° years, Fig, £,34) compriced 1980, 1981 and 1982
recruits and so on; no year clasz therefore was biased by the shorter
or longer period of collecting, The age disgtributiong are shown in

Fig, 6,34,

From Figure 6€.34, it 1g clear thaft recruitment in Georgetown billabong
is fairly constant and the age freguency distributionz show a gradual
decrease in numbers with increasing age, Mortality rate in this
population therefore could he estimated from catch curve analysis
(Ricker, 1958)., By thig method, the natural log of mussel numbers is
regressed against age. Mortality rate (M) which iz constant over all

age clasees, 1g found from the =zlope (hb) of the resulting negative



linear regression, by meanz of the equation:
(m = 1.0 - &2y)

Recruitment in Mudginkerri and Nankeen billabongs was less regular,
and the method of Negus (1966) was used to estimate age gpecific
mortalities, Survival was estimated by comparing the numbers of one
age c¢lasg collected in the zecond vear to thoge of the same cohort
collected in the previous year, For exzample, survival at the end of
the first year of life waz found from the ratic:

Number of 1-year-clds in 1981/1982

Number of O-year-clds in 1980/1981 , each year represented
by the period June to May inclugive, The resulting ratios were
plotted with increasing age and a line fitted by eye teo predict annual
gurvival rate for each age clase (Fig, 6.35). Both small sample
numberz and inaccurate age determinstionz precluded the estimation of
survival rates for the final 11 years of life of mussels in
Mudginberri billabong by thiz method, Catch curve analysis therefore
was used for this oldest portion of the population, in which mortality
ig estimated from the slope of the zemi-log regression between mussel
numbers and age as described above, Although this method assumes that
recruitment is regular and mortality constant in the population
concerned, year to year fluctuations in recruitment in Mudginberri
billabong are fairly slight (Fig. &.28) while mortality nevertheless
appears to approach a constancy abt greater ages, from the trend
apparent in the survival valuez of the ages 1mmediately preceeding
(Fig., €.35). Instantanecus mortality rates were calculated according
to the relationship:

S = (1.0 -M) =&

where S = arnual survaval rate,
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M = annual mortality rate,

7 = instantaneous mortality rate,

The values for age =zpecific annual survaval rates and instantaneous
mortality rateg of muzesel populations in Mudginberri and Nankeen
hillakongs are shown in Table €.44 Using these gmoothed data and the
mortality rate estimated for the Georgetown population (gee below),
survivorship curvez were drawn for the three populations, where
survival ig plotted against age, under the conditiong of regular

year-to-year recruitment (Fig, £, 736}

The negative exponential equation relating mugzel numbers and age for

the Georgetown population was calculated to he:

Y = 1735 0-286% (r* = (0,825, P < 0,001)

where Y = numbers of mussels

"

and X = age in years,

From this relationship, the annual mortality rate (M) was found to be
24,9 percent, and the instantaneous mortality rate therefore, 0.29.
If recruitment were regular, the age structure of the mussel
populations in Georgetown, Mudginberri and Nankeen billabongs would
appear asg shown in Figure €.36, (An implicit assumption in drawing up
the s=urvivorship curves ghown in Fig. 6,36, is that survival found
betuween successive year clasees of mugsele collected over the present
two year study period, has been the persistent pattern in time,) The
concave curve of the Georgetown mugsel population indicates a constant
epecific rate of mertality over the entire life zpan., The populations

in Mudginberri and Nankeen billabonge, however, digplay "stair-step”
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types of survivorship curvez (0dum, 1971), where survival undergoes
sharp changeg hetween different age groupg. Both populationsg harbour
intermediate age classzes in which mertality is insignificant. This
high eurvival phase is most pronounced in Mudginberri billabong where
it extends for some 10 years. In both Mudginberri and Narkeen
billabong populations, however, mortality ig highest in the earlier
and older age classes (Fig., 6£,36), Further discussion of these curves

in relation to mortality cauces is made in the following section.

6.7.3 Mortality causes and longevity

Some causes of mortality of freshwater mussels in waterbodies of the
Magela Creek have previously been mentioned or suggested, in a general
manner in Chapter S. Further information regarding these and other
factors is presented here. Predation, drought, flooding and anoxia

are believed to be the main cauzes of mortality of Velegunic arngasi in

the Magela Creek.

Little information and circumstantial evidence was gained over the
period of the study as to the chief predators of freshwater mussels in
the Region. Aboriginal man both in the past and present is a very
significant predator of mussels from shallow waters over the Dry
season. In the Magela Creek, evidence of his collecting activities
(via obhservations or shell middens) was found in the hraided Magela
Creek charmmel in the early Dry, and later in the season, in
Georgetown, Corndorl, Mudginbkerri and Buffalo billabongs. The pattern
of incision marks on shell fragments in other middeng, was identical

to the description by Fisgher (1973) for predation by water rats
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(Hydromy=z) in southern hustralia. Sigrificant Dry season predation by
water rateg was obzerved in zhallow bhillabongs, and wasg especially
evident at the Wet-Ley interchangs 1n the Magela Creek channel above

Mudginberri. 2hell fragment: have been found in the =tomache of

!

)

turtlez in the Region, and muszels form a major component of the diet

48]

of certain populationg <f one zpeciez 1n particular, Emydura

augtralig, and to a lesser extent in Carettochelve insculpta (J.
Legler, perg, coma, ), Otherwise, nuzsels are almost certainly preyed
upon heavily in the juvenile ztages by fish, and shell fragments at
least, have been obzerved in the stomachs of certain catfiches:

Hexanematichthys leptaspiz: H. australiz: and Neosiluruz sp., (Bishop

1., 1981), Juvenile mussels have been found among the stomach

’

et

!m

contentz of Gloszy lbis (Plegadiz falcinellus, P. Dostine, pers.

comin, ). Similarly, White Ibie (Threskiornig melucca), observed feeding
in the shallows of Georgetown hillabong, were strongly suspected of
taking juvenile museelsg that were present here in large numbers during
the mid Dry season (Fig. €.30:. Thiz bird species has alzc been noted

to prey upon mussels in southeastern Augtralia (Vestjens, 1973},

Prolonged Dry seasons prezumably, are a major factor in explaining the
general abzence of muggels trom shallow backflow billabongs, The
direct causes of mortality may be increased predation and high water
temperatureg 1in the ghallow waters remaining at the end of the Dry or
from direct exposure and deziccation if the waters dry up completely.
From’ accompanying  experimental  gtudies, Y. angasi  tolerated
temperatures akbove 45°C bhefore 50 percent of the population succumbed,

and adulte survived out of water (but indoore and away from direct

exposure to sunlight) for several months, Juveniles, however, are



[o3e]
P

less tolerant of dehydraticn, Recompanying outdoor experiments also

showed that mussels reacted to falling water levele by burrowing,
thereby avoiding the effectz of high water temperatures in  the
surrounding  shallow waterg, However, 1n sediments where mussels

cannot burrow, high water tenperatursz and ewposure to sunlight were
fatal. Burrowing in zandy sedimentg iz aleo of little survival value
as the poor insulative properties of zand provide little protection
from high ambient temperatures, Mussels that burrow in  nuddy
zediments increase their chances of survival, but crackes that appear
in drying mud neverthelecs expoge a proportion of mussels to either

the lethal effects of dehydration or direct sunlight,

Young of year mussels might be euwpected to be particulacly vulnerable
in a shallow backflow billaboernyg zuch az Gulungul after a prolonged Dry
season, Three age ¢lagzes dominate the age distributions of the
magsel population in Gulungul billabong: thosze derived from the Wet
geagong of 197271973, 1973/1974 and 1980/1981 (Fig., 6.28),. Gauge
height data for the bhillabwng are unavallable for these pericds, but
digcharge data are available for the period 1971 to 1979 in the small,
feeder gtream (Gulungul Creek) upztream of the billakbong (GS 821012,
N.T. Dept. Transport and Works, Water Divigion, 1980), Pregumably
theze data give some 1ndication az f£o how early the bhillabong begins
to fill with Wet seasgon watere and how late in the Wet water is
discharged into the billabong. Farly filling of the billabong in
part&cular ‘say, Novemberi, 1 ascumed to mean that the billabong did
not dry out in that particular year, The months of late and early Dry
season digcharge into the billabong (May, June, November and December)

wer# regressed against year «lass ztrength of mussels (Fig., 6.28)



(The percentagez of the dependent variable were arcsine tranzformed,)
Novenber disgcharge only was sigmificantly correlated with year class
strength according to the linear regresszion eqguation:
Y o= 0,218 + 0,525X (% = 0,659, P < G.05)

where Y = year clags strength over the relevant period (arcsin v (Y in
percent/100), radians

X = teotal digcharge at gauging station 821012 during November
(m® z10¢),
This result indicatesg that juvenile survival is enhanced in thosge
years in which Gulungul hillahong dosz not Dry out eignificantly. The
1960/1981 year claseg was not included in the regressions because of
the lack of discharge data. The hillabong, however, did not dry up
and depth by the end of [981 zt1ll averaged 0.3 m (Table 2,1), a year
in which jJuvenilez were alse guite common (Fig, &,28), Better
prediction of year olase strength in Gulungul billabong might be
achieved when billabong gauge height data replace stream discharges,
ag water levelg in the hillabong may not necessarily strongly

correlate with discharge upstream of the billahong,

Flooding hag been menticoned as a significant factor affecting mussel
digtribution and abundance 1n zome billabongs of the Magela Creek
(gection $.4.1.2.10). Flood eventz preclude habitation on candy
sedimentz in particular waterbodisz, and in Georgetown billabong at
leasgt, were regponsible for large scale digplacement of mugsels
'Secﬁion 5.4,1.2.1). The muszelz that were swept downztream of the

billabong, succumbed either to intolerably high water temperatures or

air temperatures as the shallow waterz about them retreated,
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Juvenile mussels are particularly zengitive to low diszolved oxygen
concentrations (Appendiz &1, an  observation already strongly

implicated in recruitment succezz or failure in particular billabongs
of the Magela Creek (gection &.6.2), There isg little evidence

however, that the periodz of low dizsolved oxygen concentration
observed in the floodplain llabonge are zevere and stressful enough
to cauze mass mortality of adult musszels at theze times.  No musesel
kille were observed that could be attributed to the direct effects of
arnozia during the zeazonal declinesz 1n dissolved oxygen in the
billabongs, From experimental chzervationg, adult muszels in fact may
survive for prolonged periods (months) without oxygen (Appendiz 6).
It ig ronceivable neverthelese, that the cumulative effect of sea=zonal
dissolved oxygen depletion over pericds of yeare, may prove stressful
enough fto weaken the physiclogical tolerance of adult mussele and thus
perhaps shorten the lifespan of muzegels in the environments prone to
these conditions, Whether the mussel kille that accompany fich kille
al the Dry-Wet interchange (section 5.5), are significant factors in
explaining mortality in the floodplain billabongs, ig uncertain, The
low numbers of dead muszels ohegerved on one of these occasions in
Leichhardt billabong at least, indicate that the effectz are not

ke ancwia, may conceivably weaken

ot
b
.
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severe, but the streszzful factor,

’

the tolerancez of mussels,

In the light of knowledge of chzerved or likely causes of mortality of

the age structure of mussel populations (Fig, 6,28 and €.29),

muzzel

2

,
longevities (Table €.37) and age zpecific mortalities (Fig., 6.36), the
factore underlying the overall population mertality in waterbodies may

now be better understood:



e
s

In the =zhallow backflow kallahong of Geergetown, mortality is constant
over all age classes (Fig, &,3ky, Late Dry seacon stressges presumably
account for much of the lezz in muzzel numbers from vear to year,
Theze stregees include: high turbidities and associated low food
avallability; high water temperatures and dehydration 1if water
subsidence 1g particularly rapid: and increased mammalian predation,
Flocd eventz during the Wet przsumalkly account for regular loss of
mussels when thesge are physically displaced from the billabong
{zection 5.,4,1.2.1), All age clazzes nevertheless are equally

vulnerable to mortality by whatever cause,

No evidence was found of avian and mammalian predation in Nankeen, nor
any other floodplain billabong, but  turbidity and  leow  food
availlability may be possible cauzes of hortality during the late Dry.
Unlike Georgetown, mortality i1z low in Nankeen for mugsels of younger
ages between 3 and S vears (Fig, &, d6), Whatever the causes of
mortality in the billabong, these age classes therefore are the mogt

of the

[

tolerant and vigorous. The very youngest and older age classe
population suffer highegt mortality, The youngest age classes may be
expected to be preyved upon more heavily than other age classez. BAs
zhown later, low disgsolved ouygen concentrations are probably major
causes of mortality of musszels in the Magela Creek billabongs. The
effecte of course are mogt pronounced in the floodplain billabongs
where’the youngeast and perhaps oldezst age classes of mussels may be

least tolerant to their effects.

The enviromnment in Mudginberr:i bkillabong, however, ig apparently a
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most  favourable one for mussels, Water quality is particularly
equitable year round, with waterz remaining clean, well oxygenated and
adequately supplied with food. The deeper waterz of the billabong
moreover engure that mammalian predation at least is relatively low.
Thug, muszels in thisg bhillabong (and in Buffalo billabong for which
thege commente may algo apply) are the longest-lived, and for a period

n years in the intermediate ages no discernible mortality is

D

of some t
apparent (Fig, #.36), Fredation 1g almost certainly intense in the
youngest years, and perhaps te zome degrez 1n the oldest age classes
az well, Senescence, presumably, accounte for much of the increase in

mortality at greater ages,

Longevity wvariez widely between mugsel populations of different
waterbodiez (Table 6.37). UDrought and dehydration may be factors that
determine the maxzimum ages of muggels in Gulungul billabong and the
ephemeral Magela Creek charmel, Otherwize, dissolved oxygen appears
to be at least one important factor that determines longevity of
nmuzzels in billabongs which presumably never dry out completely., A
significant correlation wag found between mean, dissolved oxygen
concentration of billabongz and the maximunm ages of mussels (P £
0.05). The linear regregzion equation ig described and plotted in
Figure 6,37, Because they affect maximuwn ages attained, dizsolved
oxygen concentrabionz 1n hillabongs gpresumably have congiderable
influence upon the mortallty'of at. least the oldest proportion of the
mussel' populations., In billabongs where the concentrations are
particularly low (e.g. Leichhardt), the effectz of anoxia might he
expected to act upon all the age clagses. These results again (see

Chapter 5) testify to the significance of dissolved ouygen corditiong
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in billabongs, to the general well being and development of mussel

populations,
6.8 Movements
6.5.1 Lateral movements 1in a shallow backflow billabong.

Figure 6.30 showz the geasonal distribution of muszels in relation to
location along the ghallew, gcandy trangect sampled routinely in
Georgetown hillabong (Fig. 3.1). Movements were marked along this
trangect - particularly the szouthern end, ag the cediments here are
fairly soft and the zlope of the hankz fairly gentle., As seen from
the figure, adult mussels (> 20 mm 1in gize) move up onto the
peripheral seasonally-inundatad and weeded shallows during the Wet
seagon., During the Wet and early Dry, juvenile mussgels are recruited
in theze challows (=ection 6.6.1) and hoth young and adultz move back

into deeper waters ag the waters recede over the enguing Dry.

The migration of adultz onto the harnks during the Wet seaszon may be
asgociated with feeding, reproduction or avoidance of the shifting
sandy sediments of the central portionz of the billabong. Faster
growth rates were obheerved for adult mussels in the peripheral,
shallow waters during the Wet (unpublizhed abzervations) indicating
that food availability was higher in these reacheg, Greater somatic
growtﬁ and larval production might also he expected under these
conditiong, Further, ag fish frecquent the weeded shallows, the
movements of musaels into thesge regions during the Wet therefore

coincides with their digtributional patterng, thue facilitating
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paracitism of the fish by the glochidial larvae. Between the February
and March sgamples (19813 floode displaced large rumbers of mussels
from the billabong (zection 5,4,1.2.15, The central sandy reaches of
the trangect shown 1n Figure #,30, are notably depauperate of musselsg
during March., Although szome muzzels may have been washed away from
theze central regiong during the floodg, nevertheless others
apparently moved up or were washed onto the flooded barnks over this
time as both proporticns ard numbers of musgsels were higher on the
bhanks than at previouz zampling occasionz. Movements therefore, may
be made in response to water movement., Receding water levels initiate
a response to move to deeper water 1in avoidance of high water

temperatures and exposure,

[28)
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.82 Movements in a deep channel billabong

Of the come &,000 muzsels marked and released in Puffalo billabong,
591 of thesge were recovered twelve monthe later, 58 of the recovered
mugsels had moved beyond the 506 wf quadrateg over which they were
originally releaszed. The movementsz 1n relaticon to rnumberz and
direction in the billabong are shown in Figure 6,38, 17 of the
movements occurred at the very zcuthern end of the billabong, and were
made in regponge to falling water levels during the late Dry season,
The mussels were placed in shallow waters during May 1980 and moved to
deeper waters as the gandy zediments became exposed during the Dry.
Thus Qhen these individual movements are discounted, 7.1 percent of
the remaining recovered muzzels had moved beyond the quadrats

originally allocated them, for reasons other than receding water

levels and imminent exposure,



The zize of the quadrats over wvhich mussels were releaged was dezigned
to detect fairly large sgcale movementz of mussels, The distances
travelled into adjacent quadrats for ezample, could not be considered
gubgtantial ag mussels inmtially replaced near the edge of a quadrat
need only have moved a few mehres at the most, to a new one. Thus,
only two recoveries had moved sufficiently over the period for their
movements to be fermed zignificant., These movements occurred at the
northern end of the billabong, over zandy sediments, and the shortest
distances that the two muszels could possibly have moved were 50 and
70 metres regpectively (Fig, &,38), It 12 almost certain, however,
that bhoth movements occurred az a result of displacement downstream by

Wet geazon floodsg, The zandy zediments of the billahong were probably

to some degree zhifting during a large fleood event in March 1981,

Chi squared teste were used to discern whether the movenente
throughout the hillabong wers random or not, Those movements
involving responges to falling water levels were not included in the
testsz, An initial hypothesis to be tested was that the frequency of
movenmente wae the =zame in all four directiong, north, south, east and
west, Movementz in a direction hetween two vectors were divided and
aportioned equally to both directicnal vectors. Thug a northwest
movement wag considered half a north movement and half a westward
movement, Very strong evidence was found against the hypothegis of
randoﬁ movement by mussels (y * = 27.44, P < 0.001). Tests were then
conducted to discern whether northward movements were gignificantly

more frequent than movementz in other directions:; whether southward

movements were lese frequent than movements either eagt or west: and
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whether movements were equally frequent both east and westward.
Northward movements were far more frequent than movements in any other
direction (y 2 = 24,59, P < 0.001), and southward movements less
frequent than movemente either east or westward (y 2 = 4.59, P <
0.05). No differences were found in the frequencies of movements
either east or westward (y * = (.40, P > 0.05). Thus mussels moved
predominantly northward or in a downstream direction, and moved least
of all southward or upstream. No substrate related tests were

conducted, but over half the movements (27 out of 41) were over sandy

sediments,

Undoubtedly, the northward movement of musgsels in the billabong was
the result of a displacement downstream by a large flood event during
March 1981, that rendered the sandy sedimentg of the billabong
especially, slightly wunstable and shifting. In spite of the
significant movement downgtream, only a small proportion of recovered
museels (7.1%) had moved beyond the initial plotse to which they were
allocated, and only two recoveries (0.3%) had moved a distance beyond
25 metres., Other than floods and receding waters over the shallows,
presumably no other factor initiates a response in mussels to move far
in a lifetime in the deep channel billabongs., In the deeper
floodplain billabongs, however, deepwater anoxia might provide such a

stimulus (section 6.5.3.1).
6.9 Discussion

The congpicuoug dark rings that characterise the shells of Velesunio

angasi in all freshwater envirormments of the Magela Creek were shown
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to be anmular in nature. By following the guidelines as set out in
gection €,3.,2 for distinguizhing the anmual growth rings these can be
uzed to age mussels from the Magela Creek and presumably from other
freshwater environments of the Region., The pregent study provides the
first unequivocal evidence that rings on the shells of muszels from
tropical envirormentg may ke uged in age determinaticong., Indeed, the

study provides the first substantiation that an Australian freshwater

mussel zpecies can be aged by thisg means.

Decreages 1n seasonal growth in muscels from waterbodies of the MHagela
Creek were attributed to food and owygen depletiong, and aestivation,
Food depletionz and aesztivation were assumed to be the mozt obvious
cause of growth cessation of musgsgels during the late Dry that resulted

in  the anmual growth interruption hkands of mussels in  all

environments, However, lege congpicuous factors such as  the
channelling of energy into reproduction, increasing  water

temperatures, the fluctuating dynamice of algal populations and their
effect upon ozygen conditions, and metal toxicity were also believed
to be late Dry sgeason causez of annular cegsation rings, Late Dry
season gtresses were also ftound hy Renmuir (1980) and Dudgeon and
Morton (1983) to retard muscel gcowth in the tropics, Thus, Tevesz
and Carter’s (1980a) suggestion that the silt load carried by Wet
seagon floods might be the cause of growth cessation and annularity in
the shell ringz of *tropical =apeciez of freshwater mussel may be
incorfect and hag yet to be demonstrated, Drought (McMichael, 1952)

and low winter temperatures (Walker 1981bh) are helieved to be the main

causes of growth cessation of mussgels in other parte of Australia,
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Dezpite zome peculiarities in the growth of wussels at variouz life

stages in Georgetown and Corndorl billabongz, and the unsuitability of

4

growth data of vyoung-of-yvear muzzels, the von Bertalanffy growth

equation proved to be an adequate model of growth description of

3]

confirmed by the

u

muszel populations in the Magela Cresk. Thiz was
conformity of growth data to linear Walford plote and by the close fit
of the computed curvez to the data, The wvon EBertalanffy growth
equation hag been used elzewhere to rdezcribe the growth of frechwater

muzsels (Kenmuir, 1%980: Walker, 1981b: Dudgecn and Morton, 1983;
McCuaig and Green, 1983), although it cannot he asguned that the model
will alwayz provide an adequate description of their growth (Green,
1980y, Very few gignificant differences were found hbetween growth
rates of the two sexez and zize for age data were therefore pooled for
growth comparigons of musgsels within and between waterbodies. If any
trends were apparent they were towards a terdency for female muzsels
to grow slightly faster than males, However, in billabongs where
females were underrepresented in the older age classes (section 6.7.1)
the differences in growth rates were least obvicus, Elsewhere female
muzzelz may grow more cuickly than males (Chamberlain, 1931; Haukioja

and Hakala, 1978a) but gimilarly the differences are trivial,

Growth raftesz in relation to food availability were studied hetween
mageel populationg within and between waterbodies, Asymptotic sgize,
L, , of the wvon Bertalanffy growth ecuation, was used to compare
growtﬁ between different populations, Thiz parameter reflected growth
rate differences throughout the lifespans of mugsele 1n  the

population:s compared, and haz a ztronger theoretical hasis (over the

parameter K of the equation) for usze in the typesg of comparison in



which growth rates are related fo food abundance (Beverton and Holt,
19573 . Growth rateg were found fte vary quite considerably within
billabongs, Within Mudginberri and Buffaloe billabongs, significant
correlationg were found between growth rate and food availability,
Growth rates of mussels decline with degth in Leichhardt billabong and
gimilarly for the earlier age clagses of muszeels in Nankeen, Food and
oxygen depletions with increazing depth may account for these reduced
growth rates, Growth rates of older age classesg of mugselg in Nankeen
billabong, however, are reduced in the shallower waters. This was
believed to ke associated with an interference to feeding of thesze
later year stages, by wave-induced resuspension of the silty sediments
during the Dry seasgon, Growth rates wvaried widely between mugsel
populations of different waterboedies, heing clearly correlated with
mean food availability, The effect upon growth of musgels in
waterbodiez 1in which food abundance iz low or the growing season
short, iz for maximum size to be attained relatively early in life and
for little growth to occur in the older year clagses, In more
productive billabongs, or billakongs in which food ig available over a
relatively longer period of the year growth is discermible throughout

most of the lifespan.

Very few studies have compared quantitatively, growth rate differences
of freshwater musselz hetween different populations and in relation to
possible envircormental determinante, Haukioja and Hakala (1978a,
1979) recommended using the mean length of the third annulus in the
shelle of museels, which have just passed their third winter, for
growth compariscns between populations. Ghent et al. (1972) used mean

height of mussels at the fifth annulug for growth comparisons of lake
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populationsg of Ancdonmts grardis at different depths, Haukioja and

Hakala (1979), however, admitted that the choice of a gpecific annulug
for comparison was subjective and that the criterion would not be

valid if the groups compared had clearly different final lengthg,

Elsewhere, az for Velesurno angasy, grawth rate differences of

freghwater muzsels within s=ites of streams (Brormark and Malmgvist,
19823, over a depth gradient 1n lakes (Appendiz 33, and between

different gites of th

D

game lake (Harman, 1970; Cvancara, 1972:
Kenmuir, 1980) have heen attributed at least partly to differences in
food supply. Thiz game factor has also been suggested as the cause of
growth rate differencez of mussels hetween different streamz (BjOrk,
19623 and different lakes (Okland, 1963). Growth ratez of nussels in
the Magela Creek gensrally, wers chzerved to increase downstream in

accordance with increasing primary groductivity in that direction,

The phenomenon has been obzerved in streamz of temperate regions oo

(Altnoder, 1926: Cvancara et al., 1973: Walker, 1931b)., Cvancara and
co-workers observed that a downstream increase in nutrients (and hence

greater food availability) might also ewplain the obeerved growth rate
differencez of muzzels, Walker thought, however, that increasing
temperatures in the downgtream direction were probably the cauge of

the observed growth disparitiez, The zhallow water ztunting of the

\

older age clasges at least, 1in the eupozed envirorment of Nankeen
illabong has alzo been a commonly ohzerved phenomenon in exposed lake

habitate elsewhere (Appendix 3}, Brown &t al. (1938) attributed the

sturiting effect to extra energy expended by musselz in maintaining
their etation in the unstable envirormente, and/or to food eupply

reductiong that might prevail in exposed habitats,
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Within szites, growth rates have besn reported to decline with
increaging mugeel dengity (Kat, 19327 and with increasingly softer
zedimentz of finer particle zizes (Bronmark and Malmgvist, 1982 Kat,

1982y, Museel denzitiez of

amongst the highest in the
Magela Creek on the stony, clay sediments in Mudginberri and Buifalo
billakongs (Table 5.4 and £.%), At these giteg, however, (szite 5 in
Mudgirberri, Fig. 6.14 and aljacent to =ite 10 in Buffalo, Fig, £.15)
were recorded the highest growth rates of muszelg in either billabong
and high mussel denzities therefors had no hearing upon reduced growth
rateg of the mugselg., Kenmuic 1980) also found highest growth rates
of musgele 1n Lake Kariba, amovgat  zites where densitiles were
greategt, Higher growth rateg of ¥, angagi were found upon the finer,
21lty and organic sedimentz of the twe channel billabongs than food
availability as measured by algal concentrations might suggest
(zection 6.,4.3.1). Tha substrates poszibly provide an additional
detrital food supply for musszelz here., While thesge sediments are fine
and slightly unhona)lldat~d they obvicuzly neither interfere with
feeding nor cause mussels to expend constant energy towards retaining
their position to any degree that would result in reduced growth
rateg, Thus, no competition for food resources was evident amongst
muzsels of the Magela Creesk srviromments, nor was evidence found that

growth rates were reduced over zoft, gilty sediments,

Rpart from higher water ‘temperatures, faster growth rates of
freshwater mugsels between different but neighbouring streame (Bjork,
1962; Clarke, 1973} and lakes (Green, 1980) have otherwise been

attributed to increacing water hardneze. No measure of water hardness



between different waterbodiez 2f the Magela Creek (Table 2.7),
however, wag correlated with growth rate of muszsel populationg in
different waterbodies, az measured by asymptotic zize, L, of the von

Bertalanffy growth cquation P > 0,05),

The kroad aspecte of the population steoucture of V, angasi studied in
relation to habitat and environmental patterns in the Magela Creek
were distribution of the zexes, and gize and age distribution, No
cignificant deviaticns wers found in the yproportions of the sexes

between sites or different depthe of billabongs in the Magela Creek

5

that would suggest that the

iy

exes were unsvenly distributed., Cvancara
{1972) gimilarly noted no apparent trend in gex ratio with depth in a

lake population of freshwater muzzelz in Neorth America.

In billabongs in which habitat related age structures were studied,
alze distributionz closgely mircored the patternz evident 1in age
distribution. Thug, both =ice and age of nusgeels were generally
cheerved to increase with 1increasing depth in hillahongs, In
Georgetown killabong and the floodplain billabongs, this
distributional patfern can he partly attributed to the recruitment of
juvenilez that was obgerved in the zhallows. Presumably higher
mortality in the shallows, and megration of older individuals to
deeper waters to avoid high, Dry season water temperatureg, exposure
and 1increased predation, are further factors that modify the
distributional patterns, In other studies, juvenileg are generally
noted to be more frequent 1n shallower waters than adults (section
AZ.1.3). Both Okland (1963) and Kenmuir (1980) =zimilarly attributed

the 1increase 1in size and age with depth, to the shallow water
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recruitment of juveniles, and to the ungtable environment of the
challows that resulte in higher mortality of mussels or that induces a

migration of older mugsels to deeper waters,

In Mudginberri and Buffalo billabongs, recruitment of juvenileg is not
necessarily confined to the shallows, b©ut 1s apparently more
influenced by Wet geason flow patterns through the billabongs. The
accurrence therefore of older mussels in the deeper waters of these
billabongs is more difficult to explain, especially as extensive
bottom areaz of barely discernible slope lie between depth contours
(Figs 2.8 and 2.9). The challower waters of both billabongs, however,
comprise mostly sandy cediments which are to some degree unstable
during peak discharge events in the Magela Creek. Higher water
temperatures can also be expected about the sediments of the shallower
watere of these clean water billabongs, that either stimulate movement
away from the shallows or perhaps increase the metabolic rates to such
a degree as to reduce longevity of mussels here, Okland (1963) at
least, thought the lack of younger mussels in the shallows of Lake
Borrevarm might partly be explained by selective mortality of faster
growing individuals there. In both chammel bkillabongs, moreover,
nammalian predation is presumably higher in the shallows during the

late Dry than elsewhere,

While older individuals are less common in the shallows, in the
floodplain billabongs they are also lesz common at the greatest
depthg. Okland (1963) cheserved a similar phenomenon in Lake Borrevann
in which the oldest mussels predominated at intermediate depthzs. BRAs

suggested by Okland, deepwater oxygen depletiong may stimulate
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movement of older musselz away from, and induce higher mortality of
the older age classes in the deepezt reaches, In Corndorl billabong,

mean

2
¥

[0}

1

4]

1ze of muss

e

i

waz alzo chzerved to decline with depth., The

{
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deep waters of thig billabong are seagonally deprived of oxygen, and
harbour softer unconsolidated zediments than elsewhere., Older mussels
may avoild or succumb in the deeper reaches of the billabong under
these conditions, Bocth Fisher and Tevesz (1976) and Ghent et al.
(1978) for example, explained the absence of musgzels from the depths
of certain lakez, by pozzible asphyxziation in the soft, unconsolidated
cediments there. Kat (1982) at leagt, observed reduced growth ratesg
of mussgels on sofft, muddy sedamentz, Both growth rates and mean age
of mussels in the charnel bhillabongs are relatively higher on the more
silty and organic sediments,  Chvicusly these are not so soft that
mussels recquire a congtant energy expenditure to maintain a footing or
even agphyxiate, as ig conceivable in the deeper waters of Corrdorl

billabong.

The age distributiong of musgzel populations between the different
waterbodies were characterizsed by long-lived individuals, and various
types of recruitment patterns were evident. Populations from
Georgetown, the Magela Creek chammel, and Mudginberri and Buffalo
billabongs digplayed reasonably regular decreases in numbers from
juveniles to the oldest age groups, irndicating regular year to year
recruitment, Thig type of age distribution is mnoted in many
freshwater muzsel populationz except for the ahsence of the very
youngest age classes (van der 3Schalie and van der Schalie, 1963:
Tudorancea and Florescu, 1968; Tudorancea and Gruia, 1968 Tudorancea,

1969, 1972: Magnin and Stancoykowska, 1971: Kenmuir, 1980). Thus,
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in the Magela Creek, are reprezented some of the only known
populations of musgsels in which year to year variation in recruitmernt
is minimal or exceedingly low. Invariably, the youngezt age clasz 1is
reported to be absent in sztudies of freshwater musselgs, If the
youngest age class waz abgent from any population in the Magela Creek,
however, it was not becauge their habitat was so remote from that of
adults, nor because of a gpecilalised substrate requirement, The
absence of young was attributed to 1nadequate sampling and poor
corditions for survival of newly recruited mussels, The age
distributiong of populationg from other billabongs, notahly flocdplain
billaborgs, were uneven and characterized by dominant year clacsses.
Thig type of age distribution indicates irregular recruitment and ie
also common in freshwater muzsel populations elsewhere (Negug, 1966,
Haukioja and Hakala, 1978b: Walker, 1981b: and Strayer et al., 1981).
No terminal populationsz of muzsels were found in the Magela Creek, and
because the age distributiong are skewed to the left, the populations
in all waterbodies can be regarded as increasing and virile (Zaika,

1973).

An ececlogical bagis for the variation in year fto year recruitment in
freshwater mussel populaticnz has never previcusly been quantified in
termg of important environmental factors, Discharge patterns,
particularly during the late Wet szeason, accounted for significant
proportions of the wvariation 1in year clage strength of musesel
populations in the floodplain billabongs of the Magela Creek, Higher
Wet ceason discharge, particularly late in the Wet season, was arqued
to result in both enhanced larval production in adult female mussels

and subsecquent recruitment, and better =survival of newly-recruited
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mizzels during the early Dry szeascn,  While drought was fourd to be a

major factor adversely affecting recruitment of Alathyria jacksoni in

the Murray River (Walker, 1951k, recruitment of Velesunio angasi in

the floodplain billabongs, best resembles recruitment patterns of

mussels in the Crapina-Jijila marshes. Tudorancea (1%69, 1972) found

that recruitment of Unio fumidug into the marshes was enhanced by high
seasonal flooding of the Danube FEiver, Strong year classes were

traced hack to years of high flooding in the Crapina populations.

Little evidence was found az to whether mussel populatione in the
Magela Creek could be regulated in a density dependent fashion., Both
Kermuir (1980) and PBrormark and Malmgvist (1982) thought that
settlement of young musecels could be suppreszed by adults when adult
densities were high, and enhanced when adult densities were low.
Recruitment onto the ghallow and ungtable, zandy trangect 1in
Georgetown was obegerved to be exceptionally high over the study
period. Adult mussels are relatively sgcarcer in thisg region of the
billabong than elzewhers and thus the age distribution might influence
the recruitment patterng. However, the habitat requiremente of the
young may be excepticnally well met in the shallows of this transect,

and recruitment might alwaye be greater here,

The same causes of mortality of V. angasi in the Magela Creek have
been reported or implicated for musgel populations elsewhere, These

factors are predation (sectionz AZ.1.2 and Appendix 3), drought and

rapid subsidence of waters (Bjork, 196Z: Okland, 1963: Tudorancea,

1969, 1972: Walker, 1981k}, {flooding (zection AZ.1.3) and anoxia

(Bjork, 19&2: Okland, 1963: Walker, 19281b: and section 22,1.3), In
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broad comparisons between waterbodies, no evidence was found of growth
selective or dengity dependent mortality. Comfort (1957) stated that
slower growing molluscs tend to he longer-lived. Thus, Bjork (1962),
Okland (1963) and Haukioja and Hakala (1978a) considered that growth
celective mortality operated on some freshwater mussel populations,
Using asymptotic size (L_ ) from the von Bertalanffy growth equation
as a measure of growth rate, and maximum age of mussels recorded from
each waterbody, no significant correlation wag found between growth
rate and longevity (P » 0.05) that might indicate growth selective
mortality., Tudorancea and Gruia (1968&) believed that high densities

of Unio crassus 1n a zite in the Nera River shortened their lifespan.

Again, however, no correlation wasg found between mean density of
muscele and longevity in waterbodies (P » 0.05) that would suggest
dengity deperndent mortality., In fact the highest densities of mussels
were recorded in the two channel billabongs, Mudginberri and Buffalo,

where the lorgest-lived musgzele in the Magela Creek were algo found.

The proportions of female muzzelz in some billabongs of the Magela
Creek were found to decline in the clder year classes, This was also

found by Tudorancea (1969) for the older ages of Unio tumidus, and

might indicate differential mortality of females or  sex
transformations with age, Nevertheless, the occurrence of the
phenomenon mainly in the floodplain billabongs suggests that the
females, by virtue of the additional gill functions of larval
brooding, are streszed by the low oxygen conditions of these

environments.

The only significant evernts in the past that were believed to explain
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mortality and low numberz in the age classes of the age distribution,
were the effectg of drought upon young of year mussels in Gulungul
billabong. A correlation wasz found between year class strength of
maugsels, and presumed late Dry sgeagon drying up of the billabong,
Juvenile V, angagi are lese tolerant of dehydration than adults, Both
Tudorancea (1969) and Walker (1981k) 1interpreted missing age classes
in the age distributionz of mussel populations to the devastating
effecte of past pericds of high winde and wave action, and severe
drought respectively. More recently, Bauer (1983) found correlations
between mortality ratee and crganic pollution in populations of

Margaritifera margaritifera in North Bavarian streams,

Indirect assessments of the factorg underlying overall population
mortality of mussels in the Magela Creek, however, were gained from
estimation of age specific mortality rates for populations in three
billabongs, in combination with krowledge of longevity of mussels in
different populationg. Mortality in the Georgetown mussel population
was found to be more constant throughout the life span, apparently an
exceedingly rare obgervation in animal populationg (Odum, 1971). In
both Mudginberri and Nankeen billabongs however, mortelity at
intermediate ages is minimal and even negligible, while mortality in
the youngest and oldest age classez ig highest., Negus (1966) also

found mortality of Anodonta anatina in the Thames River to bLe

negligible in the intermediate ages, while Green (1980) suggested that
mortality in the youngest ages might be expected to be higher than in

the intermediate ages.

Late Dry seasgon stresces and increased mortality would be likely to be
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gsevere enough in the shallow and unstable environment of Georgetown
billabong to expect more or less constant mortality of mussels. Flood
events, stranding and dehydration by receding waters, high water
temperatures, high turbidities and mammalian predation might be
expected to account for regular and constant loss of mussels from the
killabong annually. At the other extreme, mussels in Mudginberri
billabong suffer negligible mortality for a period of some ten years
or so at intermediate ages, and the billabong is apparently a most
favourakble one for muzselsz. Water quality in the billabong remains
ungpoiled throughout most of the year and in addition to the relative
depth of water left in the billahong at the end of the Dry season,
contributes to a relatively stress-free envirornment, Most of the year
classes in Nankeen billabong, however, are observed to declire from
year to vyear, While water quality deteriorates in the late Dry
season, the added stresz of oxygen depletion during the Wet-Dry
interchange is conceivably the factor that might contribute most to
mortality of mussels in the hkillabong, Across all billabongs, &
significant correlation wags found between maximum age and mean
dissolved oxygen concentrations, suggestive that mortality in the
oldest age clasgszes at leagt, ig more influenced by dissolved oxygen

than any other factor,

Lonigevity of V. angasi in the Magela Creek varied considerably between
waterbodies, with determinations ranging from 11 to 35 years. While
anoxia, and the ephemeral nature of other waterbdies may contribute to
a shortened lifespan, other equitakle enviromments such as those
prevailing in Mudginberri and Buffalo billabongs are apparently most

conducive to mussel development, and long lifespans may be expected.
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Comparable light-ghelled =zpecies 1n Furope, North America, Asia and
Africa generally live from 10 to 15 years (Appendiz 3). In Australia,

the congener Velesurnio ambigquuz along the Murray River was estimated

to live to 11 years while the heavier shelled mussel, Alathyria
jacksoni wag esgtimated to live to 29 yearz (Walker, 1981b), In
suitable environments therefore, V. angasi lives to a greater age than
comparable forms elsewhere, The genera Velesunio and Alathyria both
belong to the subfamily Velesunioninae, Further studies on gpecies in
the subfamily may reveal that members are generally longer-lived, and
may resemble more the longevities found for thicker shelled species in
North America (Rppendix 3). The wide range in longevities found in V,
angagsi for various waterbodies in one small catchment, nevertheless,
exemplifies the importance of environmental quality upon mussel
well-being, (The longevities themselves in fact, further accentuate
how diverse and heterogeneous the various freshwater envirorments of
the Magela Creek are in relation to water quality.) Thug, it is
conceivable that a species with circumboreal distribution such as

Margaritifera margaritifera chould vary even more greatly with respect

to the maximum agesg attained, Criticism of the reports of the extreme
ages attained by thie sgpecieg therefore (Thompson et al., 1980
Dudgeon and Morton, 1983), may not be entirely valid because they did

not fully congider the environmental and phylogenetic influences on

longevity.

Muggel movements over a lifetime in gelected environments of the
Magela Creek were likely to be very limited in the absence of
sufficient stimuli. In an equitable, stress-free environment where

Wet seazon stream velocitieg are not particularly strong, such as in
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Buffale billabong, this is probably to be expected (Evermann and
Clark, 1917). Thus in Buffalo, only 7.1% of mussels were obeerved to
have moved beyord the 506 w quadrats to which they were allocated one
year previously. Most of the movements appeared to he associated with
clight dizsplacement downgtream from Wet season flood events,
Significant movements, apparently regular and seasonal, were ohserved
over a shallow, sandy trangect in Georgetown billabong., The stimulusg
for mugsels here to move onto the shallow, sgeasonally inundated banks
during the Wet seaszon may arise for a number of reasons: avoidance of
the unstable, and sghifting sandy sediment in the centre of the
transect: hetter feeding condaitionz at the edges of the billabong; and
to increase the chanceg of paragitizing the host fiches with the
glochidial larvae, Elzewhere, movement of muszels over unstable
sediments and in response o riging water levelg in lotic environments
has algo heen ohserved (Coker et al,, 1921: Bjork, 1962: Kat, 1982:
Salmon and Green, 1983)., Similarly, both geasonal movementse related
to feeding (Tudorancea, 1972) and reproduction (Ellis, 1931: Yokley,
1972: Bronmark and Malmgvict, 1982), have been noted in varioug other
frezhwater mussel populations. In both Georgetown and Buffalo
billabongs, museele were obgerved to retreat to deeper waters in
respongse to receding water levels over the Dry season. Again, this
has been a commonly observed phenomenon in other musgsel populations
(Coker et al., 1921: Bjork, 19:2: Tudorancea, 1972: Fuller, 1974:
Kermuir, 1980: Salmon and Green, 1923), and ig a regponge attributed
to avoidance of dehydration, high water temperaturez and increased
predation, The zeasconal migrationg of museels in Georgetown billabong
most resembled the movements of mussels in the Crapina-Jijila i ~hes;

migraticnsg in the marshee occur onto zeaconally inundated floodplains
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for feeding and reproducticn: and muzzels retreat into deeper waters
as the waters recede during the cummer (Tudorancea, 1972), Thue,
riging and falling water levels in shallow water environments,
gignificant water movement, and rconceivably anoxia in the floodplain
hillabongs are possible ztimuli that initiate responses in V. angas:

to movenent 1n environments of the Magela Creek.

Finally, in addition to the indicator role that distributional

information about V., angagi can offer (i.e., of the flow regime in

w

waterways and the dizsclved oxygen environment in waterbodies, section

5.5), further roleg can be advocated with knowledge of the population
dynamics of the mussel in the Magela Creek. For example, there have
been no previous attempte in ztudies of freshwater musgel populations
to demonstrate quantitatively, temporal wvariations in recruitment
patterns related to enviromment: to calculate age gpecific mortalities
for the entire age diztribution 1n a relatively undisturbed
environment: nor to show gignificant correlations between growth rate
and size distribution, and algal productivity. V. angasi therefore,
may be uged as an indicator of environmental impact, and of past and
preszent environmentz much as zuggeszted by Tevesz and Carter (1980a).
In association with distributional data, it 1is conceivable that
recruitment patterns and mortality estimates that differ zignificantly
from baseline data collected in the gpresent study, could indicate
environmental change in  the Magela Creek brought about by

anthropogenic activities such as pollution.

While distributional information about V, angasi indicates the

long-term oxygen statug of frechwaters (gection 5.5), growth rate data



are clearly correlated with algal production and therefore may
indicate the trophic status of a waterbody. Becauge of the
correlation between growth rate and water temperatures (e.g Negus,
1966), both freshwater and marine muzeels in temperate environmente

have already been suggested az uzeful palaeothermometers, indicators

H

of thermal pollution or in interpreting past and present climateg at
sites uninhabited by man (Tevesr and Carter, 1980a: McCuaig and Green,
1983: Jones, 1983). Similarly, 1t ig conceivable that throughout the
Region and indeed perhaps threoughout itz wider geographical range in
tropical northern Australia, analysig of the gize distribution and
growth rateg of populationg of ¥, angazi will assist in the knowledge
of limnology of both past and present environments, Oxygen relationg

ra& are fundamentally important

M

-zhwat

Ty

and trophic statuz of fr

{

limnological  parameters, andd a  good understanding of  hoth
relationzhips may be gained from data on distribution and abundance,
and gize and growth rate data of museels respectively., Thug V. angasi
may prove a useful ‘palaecctrophic’ indicater or may he useful 1n
interpreting the trophic ztatus of fropical freshwaters previously
unztudied, RAdditionally, in terms of pollution, growth rate data that
exceed the rateg calculated from baceline data might indicate formg of
mild crganic pollution in waterwvays. Such uses of freshwater musesels

have not previously been zuggested,
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